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ABSTRACT

CONTACT LENSES: AN EVALUATION STUDY

OBJECT

A comparative study of {our types of contact lgases and spectacles
to determinc the relative merit of each, and theucs to ascertain the
feavibility of veing them for selected members of the Armed Forces.

RESULTS AND CONCLUSIONS

A number of laborstoryand {ield studies were conducted and tests
were made to differeniiate betwaen the contact lens designs studied,
and between these lenses and spectacles.

The four contact lens types studied were:
I. A aastic fluid corneal-scleral desagn.
2. A plastic corneal design.
3. A plartic ventilated fluidleas corneal-acleral design.
4. A glaes ventilared lu dicss corneal-sclersl design.

The atudy revealed that contact lenses have certain advantages
in general military field activities but are not particularly superior
in performance to spectacles when used for routine and clerical work.
Contact lenses would be especially advantageous for uce in inclen ent

weather, Arctic duty, swumming, and violent activity. Corneal
clouding is no longer a protlem with the newer designs.




It wea concluded tha: o veated fludisss corpeal-oclaicl leme that
permitted (ree flow of lear (luid and deration of ¥as coZRed was superior
W other decigns. Ia the precent statue of lens comstruciion, neither
glase no: plirlic was weemed betiur for fabsication. Esch kag its
wadiv Yual advan. geo and disadvastages.

Extemisd con.act leas litang ima, cost and reiated problems as
well 20 the macessity for individual molivalion required prior to fitting,
represeni the mijor tmpedisnents to gemaral uklisation of coutact
lensas.

RECOMMENDA TIONS

A. Study should ba ¢ncoursged to improve tha {itting echaigue and
thereby simplify 1t and rocuce the ime required.

B. A wchaque for hardening or costing plastic with siliconor liks
subsiance to ¢luninate the mecessity for wetting ageats would be of
tremendous valus and studics aloag these lites should be encouraged.

C. The nuciber of undividuals skilled in the technique of fitting the
neweyr types of comtact lcnses is extremely limited, and if the Army
sccepts Wem, a lLami:zd mu~ber of long tsrm personnei should be
schooled to dothe {ittings. Should the du~and increase, thase trained
individuals could serve as a suclsus for the training of additicasl fitters.

D. Contact lenses can be recommendsd for:

I. te. .vanal who sre ex'remely valusble to the Armed Forces
because of thei. :lill, training, and experience and whose visual acuity,
with the usunt v sual sads, 15 not adequate to meet the requirements
but may be with contac” lenses. Such eyes conditions as high myopia,
hagk astigmatisi 1y, irregular astigmatiam, corneal leukomauts, kerato-
conus, aphakia, »tc., are frequsntly adoquaiely correcied with contact
lenses.

Z. Anotlier group who might be retained or made available on
the basis of adeq iatc correction with contact lenses but ure otherwine
lost to the serv. :es are those with injuries to ihe face avd lids that
resuit {a lagopht! almus, =ctropian, corneal exposure, etc.
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3. Perceanelreuguiriag viaual correction whose faeld efficrency
might ba enhanced greatly ({ contactienses were subslituted for spec ta.
cles. Dus to the maay limitations of contact lenses, they should be

restricied 1o sutstanding irvdtviduals or situstions such as Arctic duty
davers, “¥ rogmen™, etc.

Submitiad by:

3. L. McGraw, Major, MC
J. M. Enock, 2nd Lt., MSC

Dirctor of Research

-~
A.ppl‘c :%—‘*
» CARL F-TESSMER

Lt. Col., MC
Commanding
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CONTACT LENSES. AN EVALUATION STUDY

. INTRODUCTION

The dbjactini tr:aproject wase o mahka 3 cumparattve study of four
types ol contac! .enses and spectacias t2 determine the reiative mert
of esch and thence e ascertain the {easibility of using them far selezted
maembers of ths Armed Forces.

The potantial advavtages of contact lenses to military personnel
would appess o Le nunerous i such lsuses proved practical. The
posmble utiliza®ion by the Armed Forces of large numbers of men
previously disqualificd or on a limited duty status verved as one resson
for undertaking this study. Furthermore, men who ordinarily waar
spectacles could performbetier ininclement weather, and participate
n fi- iddutigs previcusly consudared ampractical. The danger of lost,
broken, or fogged spectucles might ba elimnated. Light reflections
from spectacles, which may reveal posinons to the enemy, could be
eradicated. The problam of using spectacles with éighting equipment
as weil as the use of inserts in gas masks mighy well be simplified.
Contact lenses themseclves offer numerous advantages in increasing
the visual field, elimination of corneal astigmatism, stc.

Among the disadvaniages to be considered would be the expense,
fittng and adaptastior dme, the development of corneal haze and the
resultant subjective fogging of vision and chromatic halo, variable
wlerance and photophobia, ocular irritauocn etc. However, in view
of recent advances in design and manufacture, the potentialitiee of
contact lenses hrve deemed a study such as this dvisable,

0. EXPERIMENTAL PROCEDURE

The problem has been approached from two aspects. First, one
contact lens type was evaiuaicd againsi ar ~*her; and second, contact
lenses were compared in performance with spectacles. Four types
of contacy lenses were selected for thas atudy.

The lenses and rpcctacles were fitted to ten selected enlisted men
who were subjected to a ceries of tests, both 1n the laboratory and in
the fieid.

The laboratory tests included subjective and objective measure -
ments of halo brightnees and *ime, corncal turbidity, entoptic fieids
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color vision, visua! acuity and tolerance to light at Jiftercnt levels
of target and surround illumination, depth perception, binocular vision
and fusicn tssts, dark adaptation, and clinical sppaarance of the eye.

Attampts #-7+ made to duplicate moat of the possible situation:
that a mulitary man might encounter 15 routine life and on the ficld of
battie. Inciuded in thess ware kitche:un police, guard duty, artillery
sod small weapous firing, tankdriving, parachute jumping, swimming,
etc. The isnses wars tasted under climsatic extremes in the hot and
cold rooms of the laboratory, wnd atsimulated hugh ultitudes in the lcv
pressurce chambers at the Wright-Pattarsoa Air Force Base.

A SubEcu

Ten enlisted voluateer soldicrs ware celecied to serve as sub-
Jects. They were chosen primarily sor their diversified refractive
errors, secondasry considerutions being intelligences and perscuality.
Table | shows the age, viesual acuity, and cycloplegic refractions of
the subjects. Each subject was fitted with spectacles and the four
types of contact lenses.

B. 1_._enun

The sclection of the particular contact lenses to be studied was
difficult. For obvicus reasons, it was impossible to study the hundreds
of variations of lenses for which patents are beld. An attempt was
made {o select lvnsgs that represent various principles of design and
fittirg. The wnrk of Smelser (1) and Finkelutein (2) servedas & valu-
eble guide.

1. The cunventional fluid type plastic lene was chosen as one
lens to be studied since it represents one of the pionsers in the field
and most of the experimental work has been concerxied with this lens.

The lens was fitted to the subjects by the molding technique
at the Obrig Laboratories in New York. The lens is constructed with
three principle curvatures, i.e., optic or corneal, limbal clearance,
and haptic or scleral (Fig. 1). The time required for the fitting of
the ten subjects avevaged three hours and thiry-three minutes in a
total of four visits (¥ig. Z).

The solution used with this iens was 1-1/2% godium bicar-
bonate (USP) (2,3) made fresh daily with triple distilled water, Since
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the leases are plastic, a wettangagent 18 requircd. A aolutionof 1/2%
methy. cellulose and Zephisran (Bensalkomium Chloride) was used.

2. The cornesl plastic lens was included in the study because
of its remendous surge of popularity an recent vears, as well as for
its mamiplicity ol desagn and relative ease of fiting. Mr. Kevin Tuohy,
of Solex Laboratocies, originator of thus particular design, did the
fitting. The leas has a bevelled edge corneal portion (Fig. 1). The
fatting is based upon uphthalmomeler resdings, coracal sixe, and lid
aperture. The timie required for the fitting of this lens to the ten
subjectr averaged two hours and fifty-{ive minutes in a total of five
visite (Fig. ).

The lens must bs moistened with a wetting age=~t before
insertion, but otherwise no fluid i1s required other than the natural
tears, T' wetting agent employed waz a solution containing 1/2%
methyl cellulose and Zephiran.

3. The fluidless glass ventilated lens, designed by Dr. Josef
Dallos of Londorn, England, was used as an example of a glass pre-
cimnon {itted lens. Thia is a miumum clearance lens which utilizes
a capillary layer of tesrs as its lubricating solution (Fig. 1). Itie a
large diameter lens thathas little rotation witk ocular version. There
are two principle curves, optic and haptic, and a small lambal clear-
ance. A small circuiar vent about | mym. in diameter is placed at
the limbus, veually justbelow the midline orn the temporal side. The
location of the vent, however, 19 varicu eo as to allow proper azra-
wcz of the cornea. Extreme care and experience are required in the
fixting of this leas, ae there must be « constantly changing air bubble
present thai mirstnotl interfere with visaon. There can be no corneal
or limmbal pressure. In the fitting of this lens, Dr. Dallos drsws
from a collection of some (harce thousand shells, and by trial and
error selecis a lens approxaimating that desired and then by grinding
nDaght srrae and huilding up lonse aress w.th waz, procssds with the
fitting process. As thelensesare glass, and there is conatantdanger
of breakage, he mukes repeated plaster and brass molds as the fitting
proceecds, When the ¢t seems satisfactory, « limbal hole is drilled.
Scveral trials may bk necessary to assure proper pouitioning of the
air bubbla. The fitting time averaged about nineteen hours 1n a total
of twenty-c1ght visits (Fig. 2).

Since these lenses are made of glaas, a wetting agent 18
not required. The lender are simply washed with water and placed




in the ¢ye. The natural tear fluid fills the space between the lens and
the corneca, leaving a bubble the s1se of which varies with the rotations
of the eyc.

4. Afludizssplastic ventilated lons was selected as the fourth
lens for this otudy. Thas lens 10 mads commercially under ths name
of "Lacrilens" by the Obrig Laboratories of New York. Thisisa
molded plastic lens made from a casting of the eye (Fig. 1). A nokch
is made in the lens inferioriy which sxiends {romi the periphersy .. the
haptic to the limbal ~reainthe six o'clockmeridian. The notch 4 ner -
ally is covered by the lower lid except when the eyes are directad up-
ward. It nccessitales frequeat upward rotation of the sye to permit
drainage of tear fluid and for ssrauon of the cornea. When the ayes
are in any position other than upward rotation, the bubbla should be
minimal and the arca between the lens and the cornez almost completaly
filled with tear flud. There are three principal curvatures in this
leas, 1. ¢,, optic, limbdal clearance, and haptic. Fitting time for the
ten subjects averaged eaght hours and forty-five minutes in a total of
eleven vasits (Fag. 2).

TCT I I I R

5. Standard army .ssuc spectacles were used in this scudy,
These are toric ground "fui -vue" shaped lanses set in either nichrome,
gold, or clesr plastic "ful-vue' {rames. Prescription was determined
by cycloplegic and post~cycloplegic refraction.

C. Test Pro'nrm.

A program of testing was established o cover botkfield and
laboratory work. The fieldtcuts were arranged with the intent of ex-~
posng the ¢« 2j=c¢r 10 as many of the conditions as pousible that are
encountered it routine ermy life and on the field of batile. Sinca four
contact lenses and spectacies weie to be compared in periormance,
the program was divided into five cycles. To be assured that cach

leng wae equally exposed to the variable ssasuns and theisr slamsnts,

the ten subjecis were divided into groups of two, esch pair wearing a
different lans (Table 2). Whenever possible, aquipment for testing
was carried into the {ield. Thie, howerver, wes freq. entlyimpreacti-el
and the field cbservatinns ware confined to the subjective resctions of
the individual subjects.

The subjyects joined with basic training units st Fort Knox for
exercises that necessitated zcute vision, physical strain, and ex-
posure to the elements. They performed such exercises as tank
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driving {day and night), vifle and mackine gun firiag, infiltration and
cicse combat, hand -to-hand combat, stc. Performance weas checked
whils wearing gas maaks, while awimming, and while on gusrd duty
and kitchen police. Tou observe the efiect of the jolt of an opening
parachute, the facililies of the mock-up training towsers at Fort
Campu. 1l, Kentuci.ywem used. Tests ware performed inthe laborato-
ryccla oom ! -40 > Fahrenheit and in the hot room at +120° Fahrenheit.
In ihe low pressure caambers at Wright-Pattezson Air Force Base
atDayton, Ohio, the effects of a sunuluted altitude of twenty thouvand
fecetwe: e tnsted. The affects of explosive decomprensiocuaiso were
obeerved.

Each cycle of testang coversd approximately two mouths. A
typical ¢ycle is shown below.

March 3-2¢4 Adaptation o new lanses.

24-28 Laboratory studies.

24-2% Phoitometer and sadaptometer.

26 Halometwr, entoptic field, color, onefoot Lam-
bert visual acuity, surround andtarget toler -
ance, pkoria.

27 Helometer, entoptic field, color, twelve foot
Lambert visusl acuily, surround and target
tolerance, phoris.

L3 Hulometer. entontic field, zolor, one hundred
foot Lambtert visual acuity, surroundand target
toleran.e, phoria.

31 Gas maghs.

- XY « - - . ) s WeS i+ . ww_ ..
4apPTAL L=2 LOW pPresearg cnamver Bl wrigni-iraitierson

Air Force Base.
4 Swimmang.
7-18 Field Tests.

Tank Driving.



April 9 Combat in towas.
10 Infiltration and close combat.
11 Service firing (tank).
14 Rifle transition.

15 Confidence course and rifle known distance fir-
ing.

16 Individual tactical training.
17 Browniug autozaatic rifle transiiion.

18 Hsand -tc-hznd combat. BAR firiag koown dis-
fance.

zi Guazd duty.
22-23 Cold Room (-40° Fahranheit).
24-25 Mock-up paraciute jump st Fort Campbell.
28 Kitchen police.
29-30 Het room (+120° Fahrenheit).
Muy -2  Laboratory studiees.

! Orne (oot Lambert visusl acvity, surround and
target tolerance.

- - Y b ] -
..... end sne pundresd foot Lamiberi visual

acusly, surround and targe* solerance.

e
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An sadaptetion period of twoweeks seemed adequate for these
subje cts who grevivuslyhad become familiar with #sch lens during the
fitting period.

After completion of three cycles an evaluation waa made and
it seemed vanecasekry to repeat all of the field studies. Only those
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phasea which revealed pertinent {indings in the first three cycles
were repeated in the last two cycles.

Ul. RESULTS AND DISCUSSION -

A. labar»‘ory Studies

In the laboratory studies several of the instruments devised
by Finkelstein {2) were employed. Gonsidecra‘ion was given to the
usual aids for ocular testing and those that appeared to have value
for this comparative analysis v/ere empioyed.

1. Halo brightneas and halo time

Until receatly, coryval hazne has been the major problem

asgociated with contact lenses. This haxze cauces a gubjective visual
fogging and & chromatic halo. The aim of this particular study was
to determine the ':te o development and the brighiness of the chro-
matic halo prcduced by each lens. Several theories have been pre-
sented ae the possible cause of this diffraction phenomenon. The
most racent work in this field was conducied by Finkelstein (2) who
has designed an instrument to messure both size and brightness of
the halo. This nstrument, known &s the Haiometler (Fig. 3), contains
as a Light source an ¥ -4 type sunlamp which is filtered #o that the

subject seces an almost monochromatic green lLight oi high intensity
through a small aperture in the instrument. Through a somewhat
larger aperiure to the rear of the source, similarly filtered light
pustes through a variable and two fixed polarcids and ialls upon a

screer: at the recr of the Halometer. The subject is instructed to
stand at 2 dictance from the apparstus so that the point of maximum
intensity of ki Liicappears at u distance of 27 cm. from the central
iight source. Thir fslls just witlan the compariscy arc which has an
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The rubject stands atapproxumately sixteenfect {rom the iustrument.
By changing the orieatation of the variable polaroid the subject makss
a brightucs: match to his halo. The technique employed in this study
wao a slight variation from that used by Finkelsisin in that a etandard
halo position was used for all subjects, rather than sllowing each
subject tc pick his own area of the halo for comparisaon. Nine read-
ings were takea hourly ifter the subject firstobserved the development
of a halo. A mean was taken and these datu were transposcd into
percentages of light transmitted through the polaroid plates. Thus
the results were relative messures of halo brighuiess.




The average intensity of the halo brightness developed
while wearing the fluid lens Jdid not quite equal that reported by
Finkelstein, but the general pattern was the same. From tke graph
(Fig. 4), it it apparent that there was a gradual increase in halo
brigh‘r=<s with wearing time of the fluid lens. Only onrare occasions
did measurable L«ios develop with the other typs lenses. Among
these exceptions werc :nstances when an isolated individual wearing
or: of the vextilated lenscs would bave a blockage of the vent by
mucus or cdematous conjunctiva. This was & transient halo that dis-
appeared when the obstruction was removed. Transient halos were
reported by several individual's wearing the ventilated lenses while
swirnming. Ju none of these cases were the halos intense enough to
be measured.

The haloc time was defined as the time after lens in-
sertion when the diffraction pattern sssociated with coruneal hase
became sufficiently organised to form a chromatic ring. This was
s significant reading and was rather consistent from day to day if
conditions were held constant. Thus, for example, in the cold, het,
and low pressure rooms, the halo time guve an excellent guide as to
the rate of corneal changes. The instrument used for ii:¢ detectioa
of halos, had a microscope itluminating lamp as a light source. Thia
device emitted an extremely bright beam of relatively white light
through its 10 mm. aperture which was viewed from a point approxi-
mately twenty feet from the source.

Since n many test situzti..s it wes impractical to
transport the halometer from the laboratory, it was necessary to
limit the test to Lalo appearance tirne. The average halo appearance
time under sanderd conditions was two hours ana fourteen minutes
{Fig. 5). Thia v2:icd wita climatic extremes. In the cold room, the

average appearance time was deis yed (th.ree hours and nineteen minutu).

The “slos spneared slightly sarner than normal in the hoi Foom {one
hou. and nity-two minutes). In the low pressure room, the average
time was two hours and fifteen manutes.

Under standard conditions, the appearance time and
relative increase in brightness of thisdiffraction phenomena was quite
coanstant for the individual, although there was some variationbetween
subjects. The cccavional appea. ance of halos when the vent in the
ventilated lenses became obstructed demonstrated the neceasity for




" & relative measuse of corneal haze.
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freeflow of tear fluid and aeration of the cornea (1). The appearance
of transient haloc while swimming may be ascribed to the low tonicity
of the water that circulated under the lens {2).

The earlier appesrance of halos in the hot reom and
their delayed formation in the cold room might possibiy be explained

by so11e variatios in the metaboliam of the cornsal ticsue at different
temperatures. ..;’_"

p

In view of thg-work of Smelser (1) it had been anticipsated
that, with the reduccd oxygen in the low pressure chambser, halos
might have become apparent to individuzls wearing contact lenses
and posaibly Ippcll‘cll‘h.l‘ with the fluid lenses. Since no halos
sppeared with the fluidless lenses and there was no change in the
development time in the fluid lenses, it must be assumed that there
was etil] adequats oXygenat the simulated altitude (20, 000 ft. jto main-
tain normal corneal metzbolism during the time testad.

2. Corneal turbidity

This is & measure of corneal hase development. The
basic instrumentation used was an adaptation of a Bausch and Lomb
slit lamp in which & telemicroscope was substituted 1n place of the
coraecal microscope (Fig. 6). By optically splitting the beam of light
entering the ielemicroscope, photometric measurements can b made
aiter the operator aligns the instrument in its proper position. This
apparatus was desigred by Finkeletein (2) and provides for exaci
replication of the positioming of the 3lit of light (the brightness of
which is reduced by a #! neutrsl denaity Wretten filter) upon the sye
and the tslemicroccope detector which is set to receive the light ve-

)ectad and scattered by the covnes.

Th¢ photoelectric measurement of this light results in

The cornea normally reflecte

8 certals amcunt of ligni and an increase in turbidity causes an in-
creuss in reflection. Four readingu were wkeén bourly throughout
the day and the mean was taken of sach set of readings. The photo-

N metisr partof the appuratus consists of 8 Farrand Elactron Multiplies

and 3 voltage regulaior with ballast employed in the slit lamp circuit.

The standerdizstionis accomplished with a specially adapted Macbeth
Hluminomster.

Certain changes were made in the instrumentation and
tachnique employed by Finkelstein. A monitoring unit was added
betweer. the slit lamp and the focusing objective. The purpose of this
was 1o assure & constant amoynt of light reaching the cornea, where-
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as formerly only the electrical properties were keptconstant. It was
found that in order to maintain standard illumination, the amperage
had to be changed frequently during the day. The detericration of
bulb and filsnent caused electrical varjationse. Hunce the mozitoring
unit seem:ed to be & valuable sddition. A piece of plain, clear glass
inclined 457 to the plane of illumination was placed in the apparatus.
This permitted acertin amount of the beam to be rellectad vertically
and after passing through a #3 neutral density Wratten filter and a
small speriure, the light would fall upon a photo -cell.

The photo-elsctric monitor circuit (Fig. 7) consists of
two sections, a stabilized high voltage power supply for all but the
last stage of the 931 -A muitiplier photo-cell used to monitor the light
intensity, and a rcgulated low voltsge power supply and amplifier.
The amplifier is a bridged vacuum tubs voltmeter. Two 5693 tubes
ars used as arms of tks bridge, one being operatsd at a fixed gein as
a reference and the other tub. controlled from the 931-A photo-cell.
A voltage divider is placed across the output of the $31-A so that the
unit may be used over & wids range of light intensities. A 530 micro-
ampere meter is placed between the plates of the two 5693 tubes to
indicate the relative intensity within the selected range. The relative
brightnees of the beamn can be read from & meter in micro-amperes
(¢)

Anothsr change in technique was the use of astandard
chin rest rather than tae molded bite plate employed by Finkelstein.
It was found thst it was poesible to replicate the f{indings and speed
up the testing with thie simplification. This allowed for cne sstting
of the instruraent and allowed frecr manipulation of subjects.

Tue ohiective observation of corneal scutter as measured
on the modified slit lamp photometer revealed very minimal changes
witk all contact lenscsa for the tsme tested except the fluid type lsns
(¥ig. 8). The corneal scatter incressed wiih the tims the iiuid iens
was worn. Finkelstein ran similar studies orn the fluid and corneal
lenses (2), witk approximaiely the same results. He zlsodemonstrated
that normally no change n corneal scatter occurred when no contact
lanses were worn.

The photometer reading is a composite of light reflected
by the cornesloptical surfaces and light scattered by opaque or semi-
opaqus Dodies within the cornea. Thus normally ¢ certain amount of
lighkt s measured by th. photometer. With the dz velopment of ceeneal
haze the cornea becomes more translucent and the amount o light
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scattered and reflected by an increcasing number of relatively opaque
bodies increases. Tonsequently there is a good correlation between
corneal haze and corneal scatter. Therefore, it can be assumed that
no measurable corneal hase develeped under normal conditions except
when the fiuid lenses were worn. The wearing of the fluid lens pro-
duced a  radual increane in corneal scatter with corneal hase.

3. Visual acult'i

il was noticed during the pilot studies, while testing sub-
jects manifesting corneal huze, that a difference exisied between the
vision recorded in a semri-dar'icned test room and the sppareatly
poorer vision noticed shortly afterward in the brightly illuminsted
laboratory. Thus further studies scemed indicated. Since this drop
in vision apparently occurred where high levels of ambient cr surround
illumination existed, test apparatus was constructed which provided
for control of both target and surround illumination.

The testing was coaducted «t fifty centimetars and at
twenty f{cet using the Landolt-C as the test target. For the testing at
fifty centumeters, fourteen slides were made {from a photographically
reduced Landolt-C in & range of sizes from 20/10 to 20/200. The
photographs were of maximal contrast. The slude holder .was fitted
into ® large ball bearing mount which provides complete rotation of
the centered target (Fig. 9, 10).

The target area of the apparatus is that subtended by an
anmgle of four degrees, torty-three minutes and eight seconds of arc
and vision is lLimited by the dismeter of the bearing mount. it is
illuminated from the rear by a 60 watt Masda lamp, and the light is
diffused bya piece of Belpnanflashed cpal glass The brightnzes of the
target at the various 7ansformer settings was calibrated with a Gen-
eral Electric Luckirsh-Taylor Brightness Meter, and ranged from
0. 109 foot Lamberts to 1284, 4 foot Lamberts. These and all inter -
mediste readings were based upon the mean of nine readings. To
prevent wall reflection, the sides of the passage through wkich the
target is viewed are painted black and three large reflection atops
are placed atintervals (Fig. 10). This pavsage extends into the sur-
round illumination box just far enough to prevent any illuminatiorn
irom the box falling uwpon the target. A shutter is placed in front of
the light source 50 that the target may be rotated without the subject
viewing it.

When the apparatus was used for testing at twenty feet,
the targetilluminator and the viewingpuusage were removed, leaving
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merely the surround section with a 4"x4" aperture in the box. An
instrument manufactured by Yamakooi Seisakusyo, Tokyo, was used
for the target in this case. 1t is & Landoit-C vision test apparatus
oroviding tz2n targets ranging from 20/8to 20/42, to which were added
four photugraphically reproduced Landolt-C charis from 20/59 to

20/162, which fit into a special holder ¢n the instrument. The di-

rection of the C and the target size can be changed by use of controlp

{a planetary gear system) in the rear of the apparacus. [llumination

is provided by two shielded 60 watt Masda lamps and controlled by a
rheostat. The targets reflect an average of 73. 3% of the light illumi-~
nating them, as dewermined by taking &8 mean of the percent reflectance

at intarvals of twenty milumicrons over the range of four hundred to
seven hundred miliimicroas.

Calibratiza of target brightness was accomplished with
the Luckiesh -Taylor Brightness Mater. Boih the targetand surround
varisble transformers were connected to a constant voltage trans-
former.

The surround is actually provided by a glass box within
sbox. The inner box which the subject views is constructed of Belgian
flashed vpal glass on all but one side. Thus, illumination reaches
the syes directly tromabove, below, left and right. Directly ahead,
the subject views the targot arca which is sst into s 4'"x4" aperture
in the white front wall ot the apparatus. The outer box contains four
60 watt Maods bulhs, one centered above nach opal glass panel.
These serve to itlluminate the opal gisss. The base of the glase sec-
tion of each bLulk 18 sst six inchew [rum the inner glass pansl. The
four bulba are elecirically joined inparallcito a variable transformer.
The subject's head in placed into the box in a manner such that he iw
surrounded by amnbient illumination. His position is maintained by
8 lucitg molded headband which is ¢o positioned, that when the subjact
is properly aligned, his eves are at the desired dietance from the
target. The position and shape of the hesdiand was datermined by
mean cranial measurements of the ten subjects.

Calibration prosented a difficult problem, since although
the light box is symmetrical, it is neither cubical nor spherical, *
{The rectangular shape was determined by the fact that provision had
to be made to sllow space for a double fold of an oxygen respiratory
tube usaed in the low pressure room}. The essential problem was to

YMr. Sylvester Guth of the General Elcctric Company was very kind
in offering his advice on this and associated probleras.
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determine the level of ambient illumination &t the several variable
cansformer settings. Since ulmost every point within the box re-
vealeZ K different level of brightnsss measured with a General Electric
Luckiesh-Taylor Brightnesa Meter, it was decided that probably the
best .- thod would be to measure the integrated level of iliumination
with a Weston "ouct-Candle Meter pointed at the darkened target from
the position of the muascular eye. The illumination varied from sero
to three hundred and fifty foot candles. A rather compleis anaiysis
of the brightness exieting iuthe lagat box was made at the ons hundred
foot candle leval. Measurements were made to determine il equal
brightness existed at symmetrical points in the light box and if &
change in variac setting would resultin a directly proportional change
in brightness at the several points. Proportional change and symme-
try were found, and a diagrammatic view looking into the light box is
presented to show the brightuesa st various points in the box at the
one hundred foot candle level (Fig. 11).

Testing was conducted at vazious brightness settings of
target end sucround. During each of the fivecycles, sach test com-
bination was conductad on two days. To determine the effsct of vary-
ing target brightness, three basic lavels ware chosen--ons, twelve,
and one hundred foot Lamberts. The twelve foot Lembart level was
used since it has bean recommended by the Subcornmitiee on Pro-
cedures and Standards for Visual Examinations for the Army, Navy-
NRC Vision Commattee {5). It will be noted that the chosen levels
are approximatsly one log unit apart.

Most of the teating was conducted at Iifty centimaters
since only ong uvoerator was necessaryat this test distance. Taoting
was done ouly for targets of twelve foot Lamberts at the twenty foot
distance. The suriound illumination levels of xero, one hundred,
two hundred, and three hundred fcot candles wers rather arbitrarily
chosen to determine the eff-ct of succeeding levels of ambient illu-
minstion.

In the low pressure chamber and the hot room, testing
was dons with targets at the standard ‘welve foot Lambert level.
Testing obviously was limited inthe cold room so readinge were taken
at this same level of target brightness immediately after leaving the
cold room.
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SPECTACLES;

The testing of visual acuity with spectacles at twenty feet re-
vealed that virtually no change took place during aneight hour period.
The vroiation of rurround 1llumination seemed to have sigunificant
effert. Theve ‘iadings are differcnt in degree from those of Lythgoe
{6) but it is belicved *hat this iv due to differences in rnethod of teat-

ing.

Testing at twenty feet (Fig. 12 resulted inreadings that were almost
identical with those takenat fi'ty centimeters (Fig. 13) with & twelve
foot Lambert target level. The readings averaged <U/19 for all test
conditions.

By increasing targes brightnces, (Fig. 14), vavual acuity was
increased only sligntly at all levels: and & decrease 1n target bright-
nevs {F1g. 15) apparently caused a very mimimal de.crease in visual
acuity. Thesc changes are insignaficant.

The data taken in the hot and cold room (Fig. 16), while slightly
le ss condistent, revealed virtually no change invisual acuity. Vision
1n the cold room was just slightly better than that in the hot room.
Cne great disadvaniag. of spectacles 1a the cold room was the frost-
ng of lenses that occurred shortly after entering the cold and the
steaming of lenses on returnung to & warmer atmosphere. To main-
tain adeguate vision in the hot rcom, it was neccssary to clean the
lenses fraquently because they became spotted with perspiration.

“Jisual acui'y in the low pressure chamber (Fig. 17) was practi-
cally the sa:ne during a seven hour period as at normsl atmospheric
preceure.

Visual sc uity with spectacles remained virtually constant through-
out the day. Varation of target brightness from one foot Lambert
to one hundred foot Lamberts, and variation of surround illumination
from sero to three hundred foot candles had little effect on visual
acuity. The very minimal changes notad in the hot room could have
been a secondary result of the generalized languor that 1s commorly
associated with prolonged exposure to high ambient temperatures.
The “mechanical” difticultice of frost, wteam, and perspiration put
spectacles at a disadvantage when worn undi r chimatic extremes.
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DALLOS AND LACRILENS:

The findings with the Dallos and Lacrilens were almost com-
pletely identical. Visual acuity, tesied st twenty feet (Fig. 12) and
at fifty centimetecs (Fig. 13) with twelve foot candle surround illu-
mination, averuge:d 20/20 throughout the entire testing period which
in some instances lasted as long as fifteen hours. Varying the sur-
round illumination had little effect on visual acuity despite the pro-
longed wearing time. There wesa very minimal drop in vasual acuity
noted alter wearing the Dallos lens for six hours when the target
1llumination was reduced tc one foot Lambert in the presence of an
increased surround illumnation (Fig. 15). This diop never oxceedsd
achange of more than that from 20/20 to 20/27. At the oas hundred
foot Lambert level (Fig. 14), even this slight change was not ooted.

In the hot room (Fig. 16), very slight changes in visual acuity
were noted. The change never excecded morce than that from 20/20
to 20/25. Coldroom xsadings vevealed (Fag. 16) vartually no change
in visual acuity. In testing in the low pressure chamber (Fig. 17),
no changes were notad throughout the period of observation.

There was noted a very slight drop in vasual acuity immediately
following the removal of the lenses (Fig. 12). This was testsd at
twelve foot Lambert torget brighitness with sero surround iliumina-
tdon. The average d-op did not exceed 20/22 from a wearing base
value of 20/17 and can hardly be considered significant.

Visual acuity with the Dallos and Lacrilens remained essentially
normal througho ut the extended testirg periods. At no time did a
change 1n visual acuity exceed a drop of miore than that from 20/20
to 20/28, snd this was noted only at & low target illunmnnation level
and a high suiround 1llumination 1n the hot room. This indicates
that only minimai cornesal change s occur when these lenses ore wora

FLUID LENSES:

Visual acuity testad at twenty fect with a target brightness of
twelve foot Lamberts with various levels of surrcund illuminat.on
while wearing the fluid lens 13 represented in Fig. 18, With the
surrownd illumination at aero, the reduction in visual acuity was
relatively slight despite the existence of a deep cornecal haze. Wirh
the ntroduction of surround illumination, there was a siguilicant
drop mn visual scuity in the presence of deep corneas! haze, which
apparently was proportional to the depth of the haze and ine bright-
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ness of the surround. With the surrourd illumination at zero, the

mean visual acuity reading had fallen from 20/17 to 20/29 within the

seventh hour; while within a similar period with the surround illu-
mination at three hundred foct candies, the fall was from 20/19 to
20/117. Visualacuity remained =2eentially at a constant level from

the time of insertion of the ienses until a time that wae xlmost cown-
cidental with the appearance of the chromatic halo.

When visual acuity was testad at {ifty centimetero (F'ig. 1Y) with
& target brightness of twelve foot Lamberts and varying surround
illuminations, the resulta were asssentially of the came order as
those found under similar lighting conditions at twenty fsst. While
the effects were conmiparable, they ware not as axtreme. Here again
there was little drop in visual acuity with no surround illumination
while with a surround 1llumination of three hundred foct candles, the
visual scuity dropped from 20/20 to 20/87 with the development of
corneal hazse. This change was apparently proportional to the depth
of the corneal haze and the brightness of the surround.

The irrgguiarities in this and othar visual acuty charts do not
necessarily indicate violent fluctuations in visual acuity, for all of
these irregularities can be ascribed to individual subjects who ex-
perienced difficulties of one type or another, such as irritation and
photophobia, which resulted ineariy romoval of the lenses. In gener-
al, individual curves of visual acuity revesled graduaily progressive
changes. The charts presented, however, veprzsent the composite
means of individual results taken within hourly periods.

The effects o{ varying the targe: brightness while wearing the
fluid lens axc 1cpresented in Fig. Z0 and 21. When the target bright-
ness was reduced to one foot Lambert and the surround illumination
varied {rom._zero to three hundred foot candles, the effects were
comparable to those secen with target brighiness values of twelve foot
Lamberts, but were greatly magnified. Fimilarly, when the target
Srightness was increased to one hundred foot Lamberts, the eifect
wis greatly reduced.

The drop in visual acuity spparently was more closely related
to corneal haze at the lower levels of target brightness

If one examines the readings taken immediately after emerging
from the cold room after both £ix and eight hour exposure periods, it
will be sten that almost no change in visual acuity had taken place
(Fig. 22).
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On the other hand, the hot room data (Fig. 22) reveal that the
changes in visual acuity, with an increase in surround illuminaticn,
occurred sooner at 120° Fahrenheit than at the normal laboratcry
temperature of 72° Fahrenheit. Again, the halo time served as a
coincid. :tal factor with the drop in visual acuity. In the hot room
the chromatic tkiic appeared sooner than normal, and in the cold
room its appearance was delayed.

The findings in the low pressure chamber (Fig. 23) were similar
to those for normal conditions (Fig. 19).

Ithad been .ioted that there was blurring of vicion after removal
of the lenses, especially in the presence of corneal haze. Tests
were done to determine the time required for restoration of normal
vision (Fig. 18). Results showed that there was an immediate drop
in visual acuity upon removal of the lenses even with a0 surround
illumination. However, within thirty minutes after removal, the
‘vision had returned to normal. Similar testing was done at the fifty
centimeter distance with different levels of illumination and the re-
sults were essentially the same. The more intense surround illu~
mination {(one hundred foot Lamberts)caused proportionately greatsr
blurring, but as the corneal haze cleared, the effect of the ambient
lighting was reduced aad the vision returned to normal with all levecs
of surround illumination within thirty minutes.

The visual acuity after inserting fluid lenses wae not sig-
nificantly different from that while weering spec tacles. Howevez,
after spproximately three hours ol wearing time, the visual perform-
ance with fluid innses bzgan to fail, Since the only known changes
in the refractive media are said to cccur in the cornea, it must be
sssumed that tlese 'vere responsible for the reduction in vision.
‘Smelser (1) hae shown in animal experimentation that edema and
thickening of the cornea occurred after fluid lenses were worn,
Donaldson {7) found similar results with bumana. The thickening
of the cornea would have little effect on visual acuity while the fluid
lenses are being worn, since the indices of i-efraction of fluids on
either side of the covnea virtuully negate the different refractive
power of the cornea. It is assumed that a temporarily increased
thickening of the cornza might have occurred in the present studies
snd wasatlcastpartially responsible for the greater degree of visual
impairment immediately after the lenses were removed.
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Another change that occurred in the cornca while wearing the
fluid lens was the developrgent of progreassive corneal clouding,
which probably was the main cause for decreased visual acuity while
the lerses were worn and immediately after their removal. This
cloudivg of the cornes tends to scatter incident light reaulting in a
veiling glare. Mony werkers in the field of lighting (8, 9, 10, 11i)
have found that veiiing glare has three main effects. These arc:
reduction in contrast, photophobia, and raising the level of light
adaptation. The amount of veiling glare created iz dependent upon
the depth of the haze and the quantity and extent of light incident to
the eye. Since visual acuity *s partially dependent upon discriming -
tion between the target and 1ta immediate surround, any factor such
as veiling glarz that tends to reduce the contrast will result in re-
duction of visual acuity. In this experiment, the variable illumina-
tion of the target, whose zrea was of small extent, apparently in-
duced minirmnal veiling glare, wkile the extended surround illumination
his a pronounced cffect.

These hypotheses were demonstrated at both the twenty foot and
fxfty centimeter testdistance s with the fluid lens. The drop in visual
acuity appeared shortly after the lirst sppearance of the kalo, which
seerned to indicate that a depth of haze just slightly grester thao that
exasting atthe time ~f the haloc was necessary to produce the reduced
acuity. Thisprocess wcemed to be accelerated under hot room con-
ditions znd retarded in the coid room as was the halv appearance
time. Inthe low pressure chamber, there was little va~iation in re -
sults from those ubtained under normal conditions.

The differcnces in visual acuity seen in the various levels of
one, twelve, and one hundred foot Lamberts of target Lrightncse
were undoubte?:y ihe result of contrast differences theat existed be -
tween the itarget and the immediate surround in the presence of veil -
ing glare.

In the presence of a consatan! suriound illumination and with
corneslhaze and the resultant veiling glare, the effect was lessened
st the hiyher levele of target brightness. The veiling effect was un-
changea, butat the increzsed level of target brightness, the contrast
wis greater and therefore the effect on visual acuity was lessened
It was only when the difference in contrast fell below the level of
contrast sensitivity that the visual acuity lessened. Thus the visual
acuity st the target brightness of one hundred foot Lamberts was
better than that at one foot Lambert in the presence of a constant
veiling glare. Therefore, visual acuity may be assumed to be rela-
taive to the contrast difference between the target and its immediate
surround




The immediate drop in visual acuity upon removal of the fluid

lenses may be assumed to have been due to both corneal thickening
and haze. Visual acuity was restored within a half an hour.

TUOCHY LENS:

The resulis of the visual acuity tested while wearing the Tuchy
lens were guite bizarre. It was found that certain subjecis ex-
perienced considerable diecomfort while wearing this lens, and as
a result, many of the findings were erratic. In order to present the
results, the dzta were divided into two groups. Group A included
the data of subjects whowere unable to tolerate their lences for four
hours, and Group B included the data of those who wore the lenses
more than four hours. Group A and B did not necessarily include
the same subjects ineach teet since individual tolerance varied from
day to day. It was found that if the individual subject was able to
wear his lense®s comfortably for four hours, he could frequently
continue wearing them for the completion of the test period. It was
for this reason that the arbitrary division of the data was made at
four hours.

Visual acuity, as testcd at twenty feet, revealed very little
change inthose whowore the lenses comfortably, Group B, (Fig. 24).
Group A, howecver, revealed marked and rapid decreased invisual
acuity which was greatly accentuated by the introduction of surround
illumination. It will be noticcd that the average removal time was
two hours 2rd one minute. Readings ©r Group A taken after that
time show a return to thc ncrmal because thcese with the greatest
irrit:tion had removed their lenses.

Results of visual acuity tests at fifty centimeters at the twelve
foot Lamberttargetlevel were similar to those of the tests at twerty
feet, but the changes were not as extreme for Group A (Fig. 25).
The slight irregularities in Group P werc due primarily to the in-
clusion of one subject who had discomfort, but was able to wear his
lenses for five hours. '

The findinge atthe one foot Lambert target level appcar at first
glance to be quite confusing (Fig. 26). Group A cxperienced con-
siderable irritation and therefore had short wearing timea™and rapid
drops in visual acuity which were accentuated by increased ambient
illumination. The average removal time in this group was one hour
and fifty -twominutes. The marked irregularity seen in Group B was
due primarily to two subjects who wore the lenses more thanfour
houre despite some dixcominrt and poor vision. The two marked
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variations were produced by these two subjects removing their lensea
‘at different times. Had Group B been graphed without these two in-
diyiduals, the visual acwity would not have dropped below 20/30 at
any time.

With 8 tarqget brightness of one hundred foot Lamberte, the re-
sults again were similar (Fig. 27). In Group A the visual acuity
again dropped rapidly, cspecially with incroased surround illumina -
tion. The irregularity seczn in the graph of Group B was due to the
readings for one individual who wore his lenses beyond the four hour
period despite discomfort.

The results in the hot and cold room again are similar to the
above {indings (F1g. 28). The findings were more extreme but of the
same pattern.

The liw pressure chamber findings follow the same pattern (Fig.
29). The slight drop in visual acuity as seen in the graph was the
result of one individual who experienced difficulty toward the and of
the experiment.

Visualacuity tested at twenty {eet after the removal of the lenses,
revealed that Group A subjects returned to normal wiathin four minutes
(Fig. 24). '‘The unexpected drop in visual acuityin Group B was caused
by one irdividual whose vision was {requently better with contact lenses
than with spectacles. This diiference is probably not signilicant.

The uumber of subjccts in Groups A and R was not equal or con-
stant. The individual tolerance varied considerably from dey to day
and with the teat being conducted. On au average, approximsiely two-
thirds of th~ s:hiects in each test fell into Group A. In tests in the
hot room and with high target brightmess, this group wss somewhat
smaller. Of Group B, less than one -half could tolerate tac lenses for
aight hours., While the individual tolersnce was variable from day to
day, on an over-all basis the jroups more i{requently consisted of the
same individuals.

It seems apparent that the corncal lenses, as worn in this ex-
periment, were pourly tolerated. In all the tests, approximately one-
third of the subjects could tolerate the lenses for more then four
hours., Of these, usually less than half could complete the test runs
of eight or fourteen houre.
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The visaal performance with this lens seemed to be dependent
upon tolerance, which in turn was deperdent on ccular irritation and
its influencing factora. This was wcll demonstrated by individuals
in Group B who comfortably tolerated the lenses. There was little
reductio:. in visual acuity, even after extended wearing time. An-
other demomnstrialion of this is shown in Fig. 24, by Group A where
immediately after the source of irritation was removed, the vizion
returned to normal. It cen be assumed from this that the visual im-
pairment was not the result of corneal haxe, as in the fluid lens, but
was secondary to the irritation which resgulted in extreme photophaobia,
teaving, and spasms of accummrodstion. Heatand increased surround
illumination tended to aggravate the condition. Cold seamed to have
a somewhat beneficial effect in reducing the subjective vcularirrita-
tion. The results in the low pressure chamber showed little sub-
Jective variation from normal.

4. PhotoEobin

It became apparentirom the pilot studies on vasual acuity,
that photophobia frequently became a factor of considerable influence,
Therefore, anatiempt was made to evaluate this phenomenon. In the
field studies, this effect when noted was recorded aw a subjective
comment, thus being omly gqualitative in nature. However, in the
laboratorv an attempt was made o obtain some quaatitaiive measure
of tolerance to light. The equipment developed for the testing of
visual acuity served this purpose well, for wath it, it waa possible
to control the amount of light both at the thrget and in the surround.

Toler ance to targetand surround illumination, ur point of
onset of photophobia was tested at the fifty cantimeter test distance.
Three levels of tr.cgetorightness were considered in testing surround
light tolerance tc determine the effect, if any, this factor produced.
These conformed to the rarget brightness used for a given day, being
either one, twelve, or one hundred foot Lamberts. Target light toler.
ance was tested in the presencve of no surround illumination.

On the basis of workdone by Peterson and Simonson (12),
who found that in young individuala glare had no effect on accommeoda-
tion tested under situntions where ocular irritation was not present,
it was fcltthattests conducied at {ifty centimneters would be valuable.

Atypical tentat {ifty centimetlers was runas follows. [f

the target brightncee for a given day wae one {foot Lambert, a read-
ing of visual acuity was taken first with zero foet candle surround
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illumination to obtain a basal visual acuity. A visual acuity reading
was defined as the threshold determination recorded when the subject
was able toanswer correctly to three out of four target presentations.
Belore further testing, surround tolerance was detervnined by turaing
the variac slov.ly until the subject could no longer “'tolerate'* the light.
Followingtriv, three visual acuity readings were taken ot cach of the
three levels of survound illumination--one hundved, two hundred,
and ibhree hundred foot candles with an appropriste light aduptatitn
period of one minute before each reading.

After this, the surround illumination was reduced tozero
and again a period of one minute was spent adaptizg to a standavd
targetbrightnesa of twelve fuot Lamberts. Following this the variac
was slowly turned up until the level of the target tolerance wai deter-
mined. The entire teat procedure tock approximately six munutes,
and each subject was teated eacih hour. Means of hourly readiags of
the subjects were determined and plotted against ime after inseriion,

Photophobia, as exparienced in subjects wearing contact
lenses, appareantly canbe the result of two factors--ocular irritation
and cornesl clouding. The causes of ocular irritation may be:

1. Improper litting of lensves, which causes irritation
to the cornes, conjunctiva or lids.

2. Chemicalirritation{ront wetting agents, solution, and
unclean lenses.

3. Gascous irritation trom smoke, gunpowder, etc.

4. Irritatiou fron. dust and other foreign bodies.

%. Pgor iolerance or inadequate adaptation to contact

lenses.

When corneal clouding causes a sufficient scattering of

c¢ntering the eye, there results a veiling glare which pro-
duces photophobia.

From the “esults of this study, 1l veems apparent that the
photophobia resultang from ocular irritation is apt to be produced by
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light from any source. This type of photophobia is usually accompa-
nied by varying degrees of lacrimation, pain, blepharospasm, and
often accoramodative spasm (73, 14, 15). The photophobia, second-
ary to veiling glare at iue leveils tested and 1n the przsence of the
degres ~f corneal clouuing that was found, was seldom severe encugh
to produce lacrimation, etc. These counditions were prevalent es-
pecially in the prescnce of an extended light source which induced
increaved scatiering. It often was difficult to separate the two pri-
mary causes of photophcbia and to determing the reiative sffects of
each. Photophobia when present without cornzsal hase was presumed
to be caused by ocular irritatios.

SPECTACLES:

At the levels tasted for both target brightness (Fig. 30, 32, 34)
and surround illuminastion (Fig. 31,.3%, 35), subjects wearing specta-
cles expe rienced no photophodis under normal conditions, at cLimatic
extremes, or at a similated hagh altitude.

The levels of lighting at which this sxperiment was conducted
did not reach the toleranco level when spactacles were wora.

FLUID LENS:

There was a progressive drop 1n tolerance to surround 1llumina-
tion when fluid lenses wers worn (Fig. 36). The different levels
produced by varylng the target brightnasse had little apparent effect
ontoleraance to surround i1lluminstion. The »lightiy higher last point
at the end of the oraph is due te the readings being taken subscquent
to the average semovaltime. The subjecta with the poorest clerance
to light were torccd to remove the lenses earlier than normal.

Tolerance to target brighiness with sero surround illumination
(Fig. 30) showed only slight variation and this oaly after the fourth
hour. This decrease in tolerance was minimal,

Tests for the tolerance to surrounddllununatigpio.the bat cgop 0 SO e
revealed a more rapad and marked declire than under normal con- Y

ditions (Fig. 37). The decline in the cold room was not as great
(Fig. 37). Inthe lowpressure chamber, the findings were essentially
similar to thosc for tke hot room {(Fig 35). Target tolerance did
not vary appreciably in either the hot or cnld rooms (Fig. 32}, or in
the low pressure chamber (Fig. 34).
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Photophobia apparently becomes a problem in wearing the fluid
lens. From the time of insertion of the fluid lens, there was a pro-
gressive decrease intolerance to surround illumination, while target
tolerance was relatively unaifected at the levels tested. It would
appear that there vere two prime causes for this decrease in toler-
ance; tirst, irritation., and second, veiling glare. The initial photo-
phobia was undoubtedly caused by mechanical irritation or the irri-
tation of the solution used with the lens. While attempt was made
always to use 8 standard 1-1/2% solution of sodium bicairbonats, thare
was soms variation from day toc day. I the subjects were carelcss
and failed to cleanse their hands thoroughly, especially aftexr smoking,
they experienced more irritation when insesting the lenses., While
the imitia! and occasionally subsequent photophobia might have been
associsted with the above causes, it did not appear to be the main
factor, since there wag little variatioa initially and target tolerance
was virtuaily unaffected.

Veiling glare,therefore, was probakly responsible for a cousider-
able amount of the reduced iolerance to light. Holliday (9), Harriscn
(10), and Crouch ¢(8), &ll bave discuseaed the effect of veiling glare
upon visual acuity, comfort and light adaptation. It was evident that
with the progressive development of corneal clouwding, tolerance to
surround light decreased. The surround, being an extended oversli
source, produced a marked veiling glare in the nresence of corncal
haze, which was propuitional to the depth of that hase, while the
srnall target light *ource had littie effect until corneal hase was sx-
treme. Ths citect of the veiling glare was somewhat comparable to
night draving with a dirty windshield in the presence of bright lights.

The more marked photophobia, as evidenced in the hot room
with the fluid lens, was duc to incrsased mechanical irritation and
more rapid development of haze.

DALLO . AND LACRILENS:

Subjects - ‘earing the Dallos and Lacrilens revealad very little
variation in tolerance to surround illuminslion at the various target
levels tested during the fourteen hour experimentzl runs and under
the various climatic ard atmospheric extremes {Fig. 31, 33, 315)
Photophobis was not observed in the target tolerance testing under
normal and extreme conditions (Fig. 30, 32, 34). The slight varisation




jin surround tolerance seen under normal conditions (Fig. 31) with
“the Dallos lens was due to one subject whose limbal vent occasionally
‘became blocked with mucus after long hours of wear, while that seen
with the Lacrilens (Fig. 31) was due to one subject who experienced
some mechanical 1critation.

Since the Dallos lens and the Lacraileps were comfcortably worn
under these test conditions by most subjecis and aince there was no
evidence of corncal hase, mechanical irritation, or veiling glare,
photophobia did not develop. The one subject who had mechanical
irritation with the Lacrilens developed photophobia and the one subject
with the Dallos lens whose cornea was improperly aerated bacause
of a mucus block probably developed some corneal haze and subse-
qunet photophobaa.

TUOHY LENS:

The tolerance to surround illummnation with the Tuohy lens re-
vealed marked photophobiza in Group A (Fig. 38). These subjects
experienced considerable discomiort during this test. It appears
from this graph that the tolerance to surround itlumination was greatar
at the higher levels of target brightnevs. However, examunation ol
individual read:ngs #!d not bear thus out. The photophobia was pro-
gressive with wearing ime. Group A tolerance to targetl brightuess
was raduced somewha? (Fig. 30), but not to the extentnotad in relation
to surround (Faig. 38).

In Group B, the initial drop ir surrovund tolerance as seen in
Fig. 38 was the result of two phenomens. Some subjects who wore
the lenses noc~ than four hours showed a progressive decrease
in tolerance uatil the lenses were removed. A few subjects had photo-
phobia shortly aiter inserting the lenses, which after a few hours
subsided aud did ot recur throughout the wearing period. There was
closs assccisticn betweendecrense in yurrovnd tolerance and reduction
of visual acuity., There was a lack of sssociation of tolerance to
surround and level of target brightness. There was no varistion in
target tolerance in Gioup B (Fig. LT

The {indings in the hot room followed a similar pattern, but were
olightly sccentuated (Fig. 39, 32). The tolerance to surround (Fig.
39)and targetlighting (Fig. 32} wan good in the cold room in both Group
Aand Group B. In the low prrnl\'arc chamber (Fig. 34, 39%), the findings
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were essentially the same as under normal conditions for Group E.
The findings fraom Group A are not shown on the graphs since data
were insufficient and incounsistent due to the extreme discomfort of
the subjucts during this test.

The tolerance to light with the Tuohy lsns was poor. This was
sssentiallydue to vcular discomfort which wag the result of mechanical
irritation or poor individual tolerance to the lens. With raxe exception,
even the subjects who best tolerated these lanzes experienced some
discomfort, especiallyiathe{irst few hours of wearing. These diffi-
culties were exaggerated in the hot room and somewhat alleviated in
the coid room, while the low pressure findings were similar o those
undcr normal conditions.

5. Derk adaptation

It was hypothusizsed that the corneal hoss would act as »
light falter, and thus would incresse the time nscessary for dark
adapiation. A T¢lesilhouetin Seli-lilumination Radium Pilaque Adapto-
meier (Navy Issue)wis used for teating dark adaptation. Light adap.
tation at ons hundred foot candles sus round illumiastion and one hundred
foot Lamberts terget brightuess for one minute was accomplished
before the subject entered the darkened room. Whan the subject,
seated five feet from the imatrument, responded corractly to three
out of four rotetions of a target on the radium plagus, viswed through
a filter, he wae considered dark adaptsd. Means of hourly readingy
were taken.

With the e xception of the fluid lens, thare was no consistent
variation in dark adaptation during a period of eight hours with the
other contact letsew or apsctacles (Fig. 40). It is apparent from this
graph that shortiyaficr the appesrance of the chromatic halo with the
fluid luns, the time required to dark adapt was increased.

Dark adaptation was notappreciably affected by the wearing
of contact lenses unless a corneal haze developed. The probable
explanation for this phenomernorn 18 that the corneal hase tanded to act
as a filter which neccesitated m more complete¢ dark adaptation to
perceive a given amouni of light. There appeared to be 8 proporticnal
relationship between the depth of haze and dark adaptation time.
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6. Muscle balance

Although accommodation and convergence readings were
takend: ing the preliminary manifest refruactions on the subjects, it
wagdacided to s*adv changes in phoria with contact lens wear. Alpern
(16, 17) and Fireston: and Gaynes (18] have done extensive work in
this fieid. The present astudy afforded an opportunity to check their
findings for the particulayr lenses usad. An Americen Optical Company
Phorometer was used, and the 2alo identilication light at twenty feet
served as the light sov-- . Horizontal phoria was taken by using
rotary prasms and vezrtic’ phoriabyusings Maddoxrod. The subjects
were taught the m..* . and theory of the phoris tesis, and after
suitable practice twuk hourly readings before insertion and during the
s«xperimental ¢ -esentation. This was done thres times during sach
test cycle. since the volume of testing was 4o great, the subjects
were pair:d off st the beginmng of the experiment and insiructed to
take resdings on each other throughout the five cycles. Thus, each
subjec. was tested by the same man in &ll tests each day. Means of
hourly readings are pres¢nted.

Phorias tested under normal conditions reveale! ¢s-
sentially no unusual variation during the time the lenses were worn
(Fig. 41). The only possibie eaception was that wiih the corneal lens
in those ind:viduals whose tolerance was poor. There se«med to be
a slight shift to esophoria and ieft hyperphoria in this group of subjects.
Phorias tested in the low pressure chamber (Fig. 42) were muca
more variable and errstic, and did not follow a consistent pattern.
It was ampractics] to attempt this test 1n the hot or the cold vroom.

Alpern (16, 17), and Firestone and Gaynes (18) reported
significant variations in phoria or fusional convergence in coatact
lens wearers. This was not born out by the testing as conducted in
this laboratory. The unusual ceophoria and left hyperphoris seen in
Fig. 41 and 42 could be aitributed largely to two subjects, onc of
whosn had an esophoris that ranged from ten to fifteen diopters under
normal conditions and the other who had & left hyperphoria of five
dioptexrs which did not vary. Since these subjects manifested no
dufficulty infusing, it was noxfeit thatthere was sufficient justification
to drop them from tius tesi.

The Tuohy Group A subjecis revealed the wadest variation,

Thewye subjecir experienced contiderable discormiortfrom the ienses,
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and the general increase inesophoria might well have been attributable
toaccommodative apasm. The veriationinvertical phoria was largely
attributable to the one individual with high hyperphoria, since he
experienced difficulty in mainsaining fusion with this lens. The Tuohy
Group © rendings tended to be lower than the average for the otherx
lenees. This cor)d be accounted for by the fact that the two men with
axtremicly high phorias were always represented in Group A.

The erratic sffects noted in the low pressure chamber
might have been attributable to hypoxia due to reracval of the masks
for excessively lougperiods of time while doing the tsuts. MacFarland
(19) and Weaver (20) found that inherent waaknsss of extraocular
muscles bacame more apparent in conditions of hypoxia. Theore
seemed tc be no uniform pattern of effects that could be attributable
to the iensea. Here again the two subjects with the excessive phoria
tended to exaggeratis the tendency to greater esophoria and left hyper-
phoris.

7. Entoptic fields

Entoptic ficld patteras are assentially shadows of opague
or semi-opaqua objects in the ocular medis. This phenomenon may
be ssenif parallel lightpasses through the eye. In order to test this,
& ten power MiCroscope eyepiece is employed. Tha rear focal point
of the ayspiece fulls appraximately at the anterior focal point of the
sye, thus the light reaching the retina will be parallsl and an entoptic
field may be viewcd. The limit of this field is the inner border of the
iris whichacts as the aperture stop ior this systam. Finksleiein {2)
found consistert changes in the pattern of the entoptic field with the
deveclopmen: of haze and halo in wearers of the fluid lensus., It was
decided to deteri.ine if entoptic field changes were developed by the
weazers of all contact lenses, or if these changes were dependent
only upon the cornecaledems which developed concurrently with hane.
Readings were taken hourly after the appearance of entoptic field
changss.

With the fluid lens, there was a graduaily grogreseive
sntoptic field change. The individual findings were quite consistent
from day to day under normal conditions. Under specisl conditions,
there was no conaietent variation from normal.

Thure were only occasional entoptic field changes noied
in scattered inutances with the otter lenses. Some of these findings
were progreossive and others appenred only for transient perivds.
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The findings with the fluid lens were essentially in
ajreement with those of Finkelsatein, He did not report any entoptic
field changes with the Dalius or corneal lences. la this study the
instances where such changes ocuurred with the Dallos, Tuchy and
iaczilens were scattered and too inconsistent tomeritfurther analysis.

§. Color vasron

All subjects were first tested for color vision by meana
of the American Optical Company Pagudc-isochroratic Plates. Nine
of thae tan zubjects qualified as having normal color vision and hence
ware eligible {or further testing on a Bausch aad Lomb Anomaloscepe. *
The anomaloscope consists of two adjacent comparison fields. The
top field is yellow and the intensity of this is variable. The lower
varies fromred through yellow to green. The subjact makes a maich
of yellows. ¥or exsanple, if more red than normal is reguived, a red
deficiency to that smount is present. Four readings were taken each
houy and the means of each set were dsiearminad.

Finkelstein (2) found that thers wao a shift toward the
greeu which was dus to difiraction and scaitering when hase and kalo
developed. This study sought to coniirm Finkalsizin's {indings, to
detsrming if this shift was evident with any other lenses and to dio-
cover i there were any other shifts in cnlor perception due to other
rEREGAS.

L]

The findings wn this study were sssentially in agreement
with thouvc of Finkelstsin. With the development of corneal base snd
the revuliant corneal scatier as seen with the fluid lens, there was a
slight tendency to green deficiency as manifested by the anomaloscope
(Fig. 43). Other tlunthin there were noconsistent signiftcant changes
inred -greencolor perception. Thas held true inthe hot and cold rooms
and in the low pressure chamber.

9, Depth pevception

Testa of binocular viereoptic acuity and spatial localization
were conductzd jofritly with the Department of Psycholagy. A pre-
lizninasry report {21) dealing with the Dallos lens, the fluid lens and

#The wuthors wisk to thank Dr. Gertvude Fand of the Eye Institute of
Preabyterizn Hoapital, New York City, for the use of 2 Bausch and
Lovab Anomaloscope.



apectacles has beenpublished, and afinal report (22) will be published
ehoxily.

Differences in performance did existbetween individuals
and contact lenses and zpectacles. However, there was no set pattern
of variu-ion {or each lens.

Neither cuntact lenses nor spectacles produced a con-
sistentviriationinbinocular stereoptic acurty or spatial localixzation;
unor did one prove superior. In light of the {act that there were indi-
vidual differances among the lenses worn, it is deemed advisable that
porsonnel performing fine ringing tasks determine their normal
binocular acuity and epatial localization for the particular lenses they
may be wearing.

10. Clinicsl appearance

Throughout the entire experimental period, continued
obscrvations were made cn the clinical appearance of the cornea and
anterior segment. A Bausch and Lomb Universal Slit lamp with kigh
and low power objectaves was used for these cbservations.

Asarule, when the lenses were worn comiortably, there
was little evidence of ocular irritation. It generally was true through-
out the experimental period that the Dallos lens and the Lacrilens
produced little irritation, ajthough there were exceptions. Rarely
did the cornca stain with fluorcecein even after extended wearing
periods with these lenses. Mucus formation with these lenses was
observed occamionslly. When excessive amounts collected under the
lens, it frequentiy was necessary to remove and clean the lenses.

Afres extended wearing periods with the fluid lens, the
cornea became hazed and edematous. Frequently the comjunctiva
became injected, =specially in the circum-cornesl region. This wcse
notnecessarily accompanmed by subjective discomfort. There was no

it was frequentiy observed aiter removal of the Tuchy
lenses, and especially in the presence of sibjective discomfort, that
the corneal epithelium revealed suppling which stained superficially

with {luorescein. The location of the stippled arcas wans scattered.
Conjunctival injectirn, learing, photophobia, and blepharospusm were

cbserved frequently while the lenses were being worn.




While smoke and other chemical irritants produced the
usual untoward asffects in subjects wearing spectacles, these effecta
were greatly intensified in the presence of any of the contact lenses.
Thie irritathion appeared to be somewhat less markad with the fluid
lenses thunwith the ocher types. Inthe prasence of excessive amounts
of dust, particles wcre frequently seean under the Dallos, Lacrilens,

and Tuohy lenses.

The Dalios and the Lacrilens, ss a rule, produced mini-
mal objective ocular change. The fluid lens produced progressive
conjunctival and corneal change. The frequancy with which stippling
of the corneal epithelium was observed would iedicate thet the physio-
logical toicrance was poor for the Tuchy lens and that the subjective
symptoma were sccondary to definits corneal injury. These sffecta
were probably mechurical and could have baen the result of cxcessive
frictionbetween the lans and cornea. Whether this was duse to intrinsic
lens design or poor fit was undetarmined. Some of the discom. ecrt,
especially in the adaptation period, was dus to irritation of the lids
a8 they cnastantly rubbed over tha bevelad sdge of the lens. This also
may have accounted for the somewhat more extended adaptation period
for the Tuohy lens.

The tolerance to any ocular irritant was greatly reduced
i the pressnce of any of the contact lenses testad. This irritation
we? lese murked with the fluid lens where the cornsa was protected
by v lexns amd fluid, leaving only the lide exposaed (o the irritant.

11. Visusl field

Perinharal fields of vision were t¢ated on a Ferree -Rand
Perimeter, while spectacies and contact lenses were worn. A two
n i\libmeter white test object was used.

The poripheralfivrid of visionwas found to be very slightly
iarger when contact lunses rather than spectacles were worn. The
increase in size did not excesd 3% wich any of the lenses.

While the peripheral visual {ield was not apprecianly
increased when contact !znses ure worn, the efiective scope was
greatly improved. The lenses rotate: with the eye and there were no
frames to limit the field. The annoying effects «f aberration due to
high refractive errors were not found.
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B. Special Dunies

1. Clerical duty

Subjective reports of the individuals statad their reaction
to contact lenses and snectacies while they wers performing the various
clerical duties associated with their laboratory work.

Extended periode of clericei work or close workin general
caused mixed reactions among the subjects and the different lenses.
The only variaticn that was at ull consistent was burning and asthenopia
after afewhours of close work by a few subjects. In the presence of
ocular irritation, clerical work was correspondingly miore difficult.

One pousible explanation for the burming sensation aftsr
prolonged close work 15 that with concentration, the blink reflex that
is alrsady reduced when contact lenses are worn, is further decreased.
This aliows the lens todry and when the lid closes over the dried lens;
it becomaes irritated.

¢. Hot room

Testing in the hot room was conductod with the tempera-
ture a¢ +120° Fahrenheit and relative bumadity of 35%. The subjects
remainsd 'u this room for eight hours with food and cool drinks sup-
plied at regular ntervals. Time for devalopment of haios was da-
termined for the {ive test cycles. It was poiésible to take the testing
equipment into the kot roorn for two cycles, and readings were taken
for color, entoptic field, vieual acuity and photophobia, with target
brightness at tw«<!ve fooi Lamberts. In the other cycles, readings
were taken after emarging from ihe hot room. Subjective reports
were submitted.

In genmgral, thy subjects roporked gresater discomfont
with all lenses in the hot room. Symnptom.s of burning, tearing, and
photophobia were common. Halos, when present, appeuared earher
{(Fig. 24). Perspiration cavsed soiling of specticle lenses.

The expianstionfor the reduced tolerance to contact lensce
was not clear. It might be explained that heatcaused vasodilation
and congestion of the conjunctiva which interfered with the fit of the
lens. Aleo, the generalised discomfort at 126° Fahrenheit lowered
the morale and increased the irritability of the person as a whole.
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3. Cold room

Testinginthe cold room was done at an ambient temper-
sture of -40° Fahrenheit, with and withcutwind. Tha subjects remained
in this ~oom the entire cight hour period of testing, with focd and hot
coffee supplied tc them at regular periods, The only instrumentation
keptin the tast rvon, was the microscope illuminstor so thet halo time
might be noted. A reading was taken on the anomaloscope and pho-
rometer for each of the test subjecis immuediately after he emerged
from the coid room. Visual acuity and photophobis were tested with
the target brightness at twelve foot Lamberts. Readings were taken
for the five test cyclea on halo time and for thres cycles on all other
tasting. Subjective reports were submitted.

The findings in the cold room ware, in many respects,
the opposite of those inthe bot room. Ocular irritation was in gensral
greatly reduced with ail lanses. Thosa waaring the fluid lens found
thathalos appeared later than undsr normal conditions (Fig. 5). Visual
acuity in general was beitsr. Spactacles tanded Lo frost over in ths
test chamber, and when the subjeci left the cold room and smerged
into the warmer stincephere, his spectacles became clouded. Wind
scemed to hive littie epecific effect.

General vaso-constrictivn might have besn responsible
for the greater wearing comfort in the cold room.

4. Low pressure chambaer

Tests were conducted at the Aero- Medical Rewearch
Laboratory®, Wright-FPatterson Air Force Bass, Dayton, Ohio, to
defermine the cffect of reduction of atmospheric oxyger. on the eyes.
Smelier (1) found this to be one of the causes of corngnl hase. Thus
the question was whether the moderate ocular anoxia experienced at
highaltitude fiying would influence the corneal changes. Another con-
sideration was the possible effect of rapid chungzs of altitude. Poawsible
expulsion of the lens, change in bubble sire with coasequent decrcase
in viosual acuity, and formation of bubbles under the fluid lens were
aleo considered.

The testing wasdivided into two phases; - sudden decom -
pression: : 2 tnextended period at a simulated altitude of 20, 000 feet.

*The use of the facilities and aseistance of the personnel of the Aero-
Medical Research Laboratory was greatly appreciated.
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Subjective reporta were made aitar coampletion of the
suwidsndecompressiontest. The twet wen aa followe: asceat to sight
thousund feat in ons -half minute followad by explceive dacompression
from sight thousand foet to twenty five thousand fust in two seconds.
This alti.cle was waintaingd for ome minnte, thea gradual descent
was mads to groimd level in fram thres to five minutes. Qmygen
masks net covering the ayas were worn.

The lsnses were wora {or anm exisnded pericd as twanty
thousand foet. Ths subjscie ciayed iu tha low pressure chamber for
cight hour s while wosring A-14 snd A-13-A oxygen masks with micro-
phouo aud hoadsats. The following tasts were conductad for three of
the tsat cycles: color vision, phoria, kelo time, emtopiic flald, ani
& visusl acuity aad photoplobia series with twelve foot Lamberts of
target brightness. Subjective findings were recerded. ¥ood and
baverages were provided perivdically during the night heurs.

Koseatislly, thare was not a greatdeal of variation caused
by sudden decompreasion. A fow suhjecis reporied an lncreass in
bubbla sine, which was transisus.

Testing at the siwmuloted high aliitude appareutly Jid not
causs marked varistions iz say of G vesults. Those wearing the
speciuacias experianced discomfost frem the tight head gasr thai
pressed upon the spectecle {r.umes.

Excaptior the occasional variation in Vabble sine, testing
st low pressurs revealed mothing umuswal. It had boen amticipated
that direct axposaize of the eyen te the zeduced anyg.a pressure at
high sltitvden wight have preduced seme cormeal changes. Although
this was knowe not to cocur in {siividuals who wers not wasaring comtact
lsnsss, it was thearized that with the sdditicaal reduction in asrstion
to the cormes iaberemt with wearing coatact lensee, changes might
have taken place. Thase did not eccur.

Spaciacles worn undar headgair of any nature proved, in
most casss, %o be uncomfortable, sepacially when loay test parioda
wers conductsd.

Theta e¢ffacts wars compared with findings at the rela-
tively normul altitude of sevenbundred and fifty-three feet at Fort
Knox, Kentucky.




5. Proiective factors

Contact lenses, by their position inthe eve, offer 2 certain
amount ~f protectivn. Small foreign bodics, mud, rain, eic., arc
keptfro:n the cornea by the lenses. The protective element was well
demonstrated on twe occasions. One subject, while crawling through
a barbed wire entanglement on the infiltration course, was struck in
the eye with a birb, but the cornea was protected. Another subject
was struckin the eye with a2 buckle, and although his piastic lens was
cracked, hie eye was not injured.

Plastic lenses offer partial protection against uitra-viclet
rays. * Light rays of approximately 4000A and below becomge dangerous
to the eye. Methyl methacrylate, the plastic used in coutact lenses,
filters rays at & wave length of 3100A, and below 2866A there isno
apparent transmission.

Glass lenses filtar essentially all damaging rays in the
ultra-violet range. The glass contactlens, incovering the entive glcobe,
protectsagainset radiation from all directions. Spectacles protoct
only the areas they shield,

Both the plastic and glass lenses offer protection against
alpha razdiation. #** Protection against beta radiation is variable. It
is dependent upon the energy of the beta particies and the thickness
of the lems. Although glass givas somewhat graater p: otection than
plastic, due tothe relatively incomplete cuovarage by spectacle lenses,
protection 18 limited.

Virtually no protection is oifered i juinst gumma and
x-radiation by either coatact lensnes or spectacles.

C. Field Studics

In the field studies, an atternpt v-as made to test the effects
of a® many condiiions &s possibls with which a member of the Armed
Forces may be confronted.

*Mr. Raymond R. Heer, Jr., of thie laboratory was very kind in
offering his wssistance on this topic.

»sDrx. Adolph Krebs of thiv laboratory was very kind 1n offering his
assistance on this topic.
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1. Sarvice firin‘*

Service {iring, or tank gunnery, included the firing of a
75 my. guxzand 50 and 30 caliber miaching guns at both stationary and
moving targst:. This test was conducted to detsrmine the efiect of
the lenses on sighting und firing, as well ag the effact of the concussion
upon the lansss. Ase a further test of concussion, on one occasion the
men wsre placed in close approximation to 105 mwm. howitsers that
were buing fired.

DALLOS LENS:

Six out of seven subjucts had no adverse effects. One aubject
had to remove one lens because dixt became lodged between it and the
curnea.

FLUID LENS:

Of eight subjects, {our had nc sigaificant compiainte. Two were
irriiated by powdar fumes, and two complained of photophobia and
burning. With the developmeunt of hase two had difficulty sighting on
targate.

LACRILENS:

Three of sight subjects experisnced no difiiculty. Three com-
plaingd of burning from powder fumee. OUune fourd dust and wind
irrituting, whila ons bad some photophobis.

TUOHRY L7Tlun:

All of the cight subjects cxperienced discomfort caused by the
fumgss from the gun powder. Two subjects had their lenses dislodged
by cosicussion and the lenses were lost in the fisld,

SPECTACLLS:

The six subjects wesring spectacies experienced difficulty in
using the sighting device due to its construction. Rain spotted the
lensss of ons subject, thus interfering with his vision.

YATP 17-600-1A Training Memorandum 40-18T(S) and 40-19T(5),
Hq, 3rd Armored Division, Fort Knox, Kentucky. 14 fmnuary 1952
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In service firing, the Lacrilens and Dallos lens proved superior
to the Fluid and Tuohy lenses. Powder fumees proved irritating 1. all

2. Confidence courese®

The confidence course, formerly known as the obstacle
couree, cousistea 5! a series of hazarde which were meant to i1n-
corporate many of the easentials of physical training. It included
physical activity suchas climbing, swinging, jumping, balancing, etc.

DALLOS LENS:

Five subjects wearing the Dallos lens reporied the lenses to be
very satisfactory. No adverse effects were noted.

¥ LUID LENS:

Of six subjects tested, three¢ repurted no adverse effects. Two
reported annoying photophobia and ons complained that stationary
objects ssemed to jump and move at times when ths subject was
experioncing excessive activity. No subject reportsd the appearance
of air bubbles as u result of this activity.

LACRILENS:

Of six subjects tewtad, all had satisfactory repor*s.

TUOHY LENS:

Of sn subjects tested, two reported no adverse effects, four
complained ¢! a.noying photophobia and general ocular discomfort.
The lenses ware not dislodged in any case.

SPECTACLES:

Of five subjecis iented, no adverne efiects were noted, however,

specisl precautions were required toprevent dislodgment of spectacle
frames.

On the confidence course, the Dallos and Lacrilens appeared to

be supcrior since no adverse effects were noted while wearing either
lens.

SATP 7-600-1, 7.701-1, 17-600.1, (7-601-1, 21-114. Trainine
Memorandum #29T, R, B, L&H, Hqg. 3rd Armored Division
Knox, Xentucky. 6 December | SI.
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3. Browniﬂ automatic rifle known distance and transition

range iiring*

Firing w.th the Browning Automatic Rifle was included
in 'i¢ studies to determine the effect of greater weapon recoil and
rapid fire.

DALLOS LENS:

Three subjects experienced no difficulty firing this weapon. One
of these had some mucus formation.

FLUID LENS:

The three s-bjects that fired had mixed reactions due primarily
to photopncbia and hase. This was largely dependent xpon the length
of tinie that the lenses were worn rather than the actualfield test
iteelf.

LACRILENS:

Of five subjects tested, none had any difficulty firing, but two
had modarats irritation cuused by the lenses.

TUUHY LENS:

Four subjects all complainedof phutophobia but had no symptoms
referable to the firing.

SPECTACLES:
Four sublects had no difficulties,

There ~eemed (0 be nc difficultias aitributable to the firing of
the Browning Automatic Rifie in sither contact lences or spectacles.

4. Hand-to-hand combat

Hand -to - hand combat was an exercise where the man
woe taught offensive and defensive mansuvers with the rifle arnd bayo-
net. Ths reoults rcported here reflect those phases of this training

SATP 7-600-1, Treining Memorandum #31L and change #1, Hq. 3rd
Armored Division, Fort Knox, Kentuctky. 7 February 1952.
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where the trainee lezrned the basic stances and positions used in
bayonet fighting.

DALLOS, FLUID, AND LACRILENS:
Trosubjects vitheach of these lenses had no adverse comments,
TOUHY LENS:

One of two subjects rcported photophaobia, while the other found
that on sudden whirling there was a momentary blurring of vision.

SPECTACLES:

Oune subject had no sdverse commiant.

This exercise was dropped from the r-ogram after the first series
since it was felt that little knowlsdge was gained from the rather
paseive activity of this portion of the training.

5. Iedividual tactical treining (ni.ht)*

This was a comnpeny level night tactical training problem
which nscessitated movemant through a wooded terrain to establish
advanced posts and a combat line. Blank cartridges and carbine-
launched grenade flares were {ired.

DALLOS LXNS:

Tive subje~ts hed no adverse commaents.

FLUID LTNG:

Of {ive subjects, two experienced little difficulty. Two complained
of difficulty in sseing, and of photophobia as a recult of hase. The
. fifth subject complained of a burning scnsatiun.

LACRILENS:

Six subjects had no sdverse comments.

ATP 7-800-1, 7-60-1, 17-600-1A, 17-600.1B, 17-601-1, 21-114,
Tra/ning Memorandum #35B,#5C, 47A, 47C, and change #!. Hq.
3rd Armored Diviaion., Fort Knox, Kentucky. 25 March 1952.
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TUOHY LENS:

Six subjects bad no adverse comments. Omne subject found that
while lving prone, upward version of his eyes was difficult.

SPECTAC.L.EC-

No aZivers= comment was noted by the six subjects.

Mostsubjects did comparatively well on the problem, which was
inkasping with the generalfind.ngs that subdued illumination and cool

outside air added to the comfcrt of those wearing contact lenses.
(Huze lowgred the vasual acuity of {luid lens wearers. )

6. M! Rifle knowndistance and aseault and transition firing*

Kriown distance range firing of the U.S. rifle 30 caliber
M1 included firing at fixed targets from the standing, kneeling squatting
and prong positions.

The traasition phase cf the training included firing the
rifle at fleeting targets from behind various protective snclosures.
This required practice in ali of the basic positions. In firing the
assaulymange, the trainee walked up a path firing instantanecusly at
fleetling targete as he mnoved.

DALLOS LENS:

Of five suljecte, three reported wo difficulty. Two complained
that ths air Lubbles in the lenses interfered somewhat with their
ability to sigh" the rifle.

FLUID LENS:

All of six subjects experienced occasional burning and photo-
phichia. Two of thezs nsted bubble formarian during the exercisgss.
Ou. found that corneul hase interfered with hie ability to wight the
target; while two noted excessive mucue ‘ormation.

*ATP 21-114, 7-600-1, 7-601-1, 17-601-1, Trasining Memorandum
30L, H, R, and 4% basic and change #1, Hqg 3 Armuoved Division,
Fori Knox, Kentucky, 19 March 1952,
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LACRILENS:

Four of seven subjects experienced o difficulty. Three found
that sand blowing in the eyet caused photophobia and discomfort.

TUOHY L¥NS:

All but one of six subjects experienced photophobia and general
ocular discomiort. One subject notd momentury fogging of his lences
after firing, the same aubject complained of accasional bubble for-
mation.

SPECTACLES:

Two of six subjuects complainad that their lunces became spottad
with oil during the firing. A third subject had ditficulty {iring inthe
rain; snother experienced irrvitstion caused by sand blowing io his
eycs. Ona complained thut his spectacies wers uncomforwble when
worn under hiv Belmet. One had no difficulty.

The Dallos sod Lacrilone sagsin proved to be more satisfactory
in this test. During inclemunt waather, spectacles hud an obvious
disadvantkge. Hazing of the fluid leus caused difficulty in sighting
upon & digtant terget.

7. Tank arivim(ﬂuy and niﬁht)*

Theve axercines were included to ascertain if there would
be ony difficul*ies encountered while driving tanks and other vehicles
Jeepu, half-tracks, and Light and medium tanks were driven with snd
without tanke °3 protective gogglew.

DALLOS LENS:

To five subjects, dust proved to be & serious pre¢ blesr: Three
subjucts found it necessary to remove and ¢lean theiv lensew. This
eituation was silaviated when goggier were worn.  MNight driving added
no significunt problems.

R ATP 17 6001, 17-t00-1IA, i7-600-1B, Training Memorandurn #60R
section 2 and 4, 13 Noveinber 1951, #60-A sections Y oandg &, 22
Jarusry 1952, #60-T sections Zand 6, "0 May 1952 Hq. 5d Armored
Divivion, Fort Muox, Kentucky




FLUID LENS:

For six subjrcts, dust again was a problem. Omne subject found md
tncceuvasidry W ieniuve hic Icnses. Wind caused a drying of the lens ns
sur{ac - whick resulted in irritation siud photophobija. Wherever huze B e

and bulo were present, night driving becaine hazardous. In one 2 ine
instance, the lensews proiccted the eyes from flying mud. Goggles -
aguin helped alieviate some of the problems:

LACRILENS;

Five of seven subjects had ne marked reaciion, althoughdust
proved irritating. Two subjec¢s found that dust, exhaust fummes, and
jerring aggravated the irritation in their ¢yes. Night driving added
no further problems and goggleseliminsted some.

TUOHY LENS:

Six subjects found dunt very irritating and they ull had to remove . ove
the lensas st one e or another durlag the trixle. Goggles offercd
pariisl protectionfrom the dust. Exhaust {uwmes from the tank added
to the irritniion. Qne wubject had o lena dislodged by the jarring.
Naght driving sadded ne further preblemas.

SPECTACLES:

Of vix subjecd, four reporied imprirment of vision as a result
of mud splattering on ¢ lranes. In one cese, the frames were dis-
lodged by the jorring. Goggles fitted puorly over the speciaclies and
causeu discowitort. The gogglens did uot form a peviect scal, and
thevefore did us protect the eyer campletely fromn the dust.

Dust presented the major problem, while exhuust tumes, wind, ind,
wiud and jarring were other pertinunl lactors. Most of theee were . 1
alleviated by wearing dust protect:ve gnagglei. Since these could not e not
be wovn with comfort over spectacles, a better combination seemed e o ed

tu be contactlenser plus goggivw. Here again the Dallos and Lacrilens

with goggice seemed to e superiny

lovim

siran
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8. Infiltration and close combai®*

The infiltration course provmled mental cenditioning for
combat by creeping, crawling, and negotiating obstacles under fire.
Thc s+ obsances included barbed wire entanglements witin live machine
gun f{ire direcily overhead. Ground detonations in close a)»rox-
imation were added obstacles,

The close combat course was a simulated attack through
rough te~rain which necessitated running, jumping, climbing, and
crawling. Throughout the rourse there were a number of supposed
enemy emplacements toward which the trainee directed Al rifle fire.

DALLOS LENS:

Of five subjects tested, two had no difficulties. Three of five
experienced coamiderable irritation to their eyes from sand thrown
about by the detonations and 1t was nccessary for two of them to re-
move their lenses before completing the course. One subject was
undoubtedly protected by his lenses from probably sericus injury to
his cornea when a barbed wire struck him in the eye. The concussion
from the detonstions appurently had listle effect.

FLUID LENS:

Two of six subjects reported no difficulty. Three were irritated
to varying degrees by the sand. Of these, one found it necessary to
remove his lenses. One complained of phoiopkobia. The concussion
appLarently hal no effect and there was no bubble formation.

LACRILTINS:

Five of seven subjecis had no .rritation or other difficulty. Two
found the sand irritating. Concussion bad no effect.

Finfiltratioa: ATP 2i-114, 7-600-1, 7-01-1, 17-600.1, !7-6o1.1,
———e
Training Memorandurn ¥50 and change #1 6 May 1952, Hq 3o Armored

Divigion, Faort Knox, Kentucky.

*Close combat;: AT 21-110N, 7-600, 7.601, 17-600, 17-601, Tra:n.
ing Memorandurn #:, Hq 3d Armored Division, Fort Knox, Ken-
tucky. 11 June 1951,
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TUOHY LENS:

Two of six aubjects expresved nodifficulty as a result of the test.
It was necessary for threc subjects to remove their lenses due to
irritation csused by sand. One subject reported that his lenses be-
came Jirlodged wniie crawling on his back under barbed wire. Con-
cussion apparuntir had lattle effect.

SPECTACLES:

Cf the five subjects participating, only one reported no difficulty.
Three complained of impairrr¢nt of vision caused by mud, dust, and
perspiration on the spectacies. One subject reported that his specta-
cles were dislodged by the barbed wire.

To all subjects wearing contact lenses, dust and sand proved to
be a great source of irritation. The ease with which the Tuohy lens
could be dislodged from the cornea again proved to be a disadvantage.
Spectacles, becauss of their relatively vulnerable position, were
easily soiled, dislodged, or broken under these conditions.

9. Combat in lowns#

Thie exercise was intended to train the individual soldier
in the proper method of clearing a village. to fire accurately and
quickly at flecting targets and to work efficiently as a part of a team
while surrounded by the noise and hazards of battle. This assault
might be considered as a culmination of the var:ied aspects of basic
treining and included firing of ths Mi riilc while exposed to machine
gun fire, detonations, and smoke screens. The soldier had to ne-
gotiate 2 numbe » of physical hazards »y climbing, jumping, etc.

DALLOS LLnNE

Of five subjects tested, three had no complaints. One subject
reported miner arritation from smoke and powder fumes, and one
experienced doubling of vision during d=toaaiions.

FLUID LENS:

Two of faive subiccts had no difficultics; while three esperienced
burning and photophobia.

—

SATP 7-600, 7-0601, 17-600, 17-601. Training Memorandum #52
L.H, T,R and change: #!, Hq 3d Armored Division, Fort Knox, Ken-
tucky. 22 June 1951.
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LACRILENS:

Two of seven subjects reported nedifficulty. Two found it neces-
sary to remove their lenses because of irritation caused by tiie smoke
grenades. Two gubjects reported surne photophobia and one com-
plained of haze.

+UORY LEDMS:

One of sax subjects experienced no discomfiort. Three had great
discomfort from smoke grensdes. Of these one had to remove his
lenses. The others complained of varying degrees of burning.

SPECTACLES:

Gi {ave aubjects, one hud no referable complaints, Three com-
pleined of smearing of their glusses with perspiration, mud, dirt, and
water frora the detonations. One complained of irritation from the
smoke.

Smoke grenuzdes uappeured to be & source of irritation to all
subjects. The Dalles and Lacrilens again appearsd to be moras satis -
factory. Thedanger of spotting, dislodgementand breakage of spscta-
clea under such conditions made them impractical.

10. Ges masks

Spectacles always bave proven to be a problem whan »
gas mask is wornbecauss of the difficulty in obtaining an atmospheric
seal over the spectacle {rame. Therefore, if contact lenses could be
worsn comforiably in the gas mask instead of the special lens inserts
that are now required, the preblem would be simplified.

DALLOS L<NS;:

Only two ol nine subjecte tested could comfortably wear the lenses
with the gas mask. Five experienced discomfort as the result of the
nosepicce on the mask causing pressurz on the lower lid. Another
complaint wuas that exhsled hreath which circulated around the eyes
caused irritation. The wearing time wac rather limited.

FLUID LENS:
Only two of nine subjecta were able tc wear the fluid lena and
mask with comfori. The remaining seven sukjects had considerable

discomfortreeulting from the pressure of the nosepiece of the mask
on the lower lid. Here again the wcaring time was rather Limited.
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LACRILENS:

Two of eleven sudjects were relatively comfortable with the
Lacrilens and gas mask. Two reported slight burning. The remainder
complained of burning and photophobia from pressure and heat. Only
short wearing time was possible.

TUOHY ! EMS:

Of ten subjects, one reported relative comiort. The remainder
somplained that the pressure from the mask and the exhaled breath
ceused irritation. The wearing time was limited.

SPECTACLES:

A tight seal of the gas maask over spectacles was impossibie.
Thare also was considerable discomflortfrom predsgure ou the frames.
Special lens inserts are required in the macke for satisfactory use.

The same gansral complaint seemed to hold throughout these
tests, the nose picce of tho gas mask csused pressure againsi the
cheeks and lower lids, which ia turn precsad against the lenses and
caused irritation. Exhaled air also provad irritating. Apparently
contact lensgs. do not obviate the problem of the gus maek and the
soldiar with refractive error. It is quits probable however, thata
slight modufication of the gas mosk would allaviate the pressure against
the lower lid, whichproved to be the chief source of irritation in the
contact lens weares.

11. Swimmin.

Tiis test waz to determine the effect on contact lens
wearers while swimming, beiny submerged under water, and diving.

DALLOS LENS;

Five of muc subjecis reported no difficulty. Three complained
of trangient hazs and halc which presuinedly was dus o the mccumu-
lation unde- the lens of water which was not 1rotonic with the tears.
This condition <leared shortly ofter leaving the water. One com-~

plained of slight photophobia.
FLUID LFENS:

3ix of the ten sabjects reported noc adverse effects. Several
reported excellent ur.derwater vision. Three subjecte complained of
slight buraing and irritation, presumedly due t¢ the chlarine in the
water. Ore complained of extreme photophobia and burning.
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LACRILENS:

Four subjects out of ten had no complaints. Two reported transient
hase and halo. Four reported increased burning and irritation from
the chlorine.

TUOHY LENS:

Three of the ten subjects had no complaints. Five subjects com-
plained of photophobia and three reported that the lenses were dis-
placed after submersion with the eyes open. One complained of se-
vere burning and tearing, No hase or halo was noted.

SPECTACLES:
Spectacles are impractical for swimming for obvious reasonas,

The fluid lens seemingly provad ths moet satisfactory in this
test. Chlorinated water caused some gensral discomfort by irri-
tating the eyes. The disadvantage that became apparent in the venti-
lated lens was the appearance of hazse »ad halo, probably becsuse of
the accumulation of water under the lens. Ths danger of displacement
and loss of the corne:’ lsns was sver present.

12. Kitchan police

The subjects performed tha routine duty of kitchen po-
lice to determine whether or not there would be adverer eifects while
working at stoves, steam tables and dish washing.

DALLOS LENS:

Of five subjects, two experienced no difficultics. One reported
doubling of vision, another mucus formation, and the last frothing.

¥FLUID LENS:

Six subjects reported varying degreos of discomfort. Two found
that steam caused burning and diecomfort, while hase and chromatic
halo weire punoying to three subjects. The eixth subject complained
of bubbling and that the surlces of the lenses dried thus causing irni-
tation.
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LACRILENS:

Of seven subjects, five reported no adwerue eficcts, Twe ex-
perienced burning and doubling of vision.

TUOHY LEDS:

Six subjects all found thatheatand steam caueed burning, tearing,
and irritation.

SPECTACLES:

Of six subjects, all but one experienced spotting and fogging of
his lenses in the prasence of steam.

Contact lenses appearsd to be supericr to spectacles, although
heatand steam did accentunie the irritation caused by contact lenseas.

13. Guard duty

Tha men stood routine watch, twohours on and four kours
off, for twenty-four hours. They worae the lenses while on duty, but
were allowed to remove them if they so desired when not standng
guard.

DALIOS LENS:

Five subjects had no serious complainta. Two experisnced a
olight burning sensation in the eyes and onz other complained of the
formation of mucus under his lenaes.

FLUID LENS:

Six subjec:s &ll reported increaring irritation caused by the re-
peated insertionand removal of the lenses. One reported photophobia.
The lenses ware not worn long encugh for c. “nsal haze to become 4
factor .

LACRILENS:

Of seven subjects, f{ive reported no difficuity. One complained
of photophubia and one had irritation from the repeated re-insertion
ci the ‘enses.
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TUOHY LENS:

Six subjects were tested and of ihese, four complained oi in~
creasing irritation upon each successive re-insertion of the lenses.
Thie was especislly evident when the lensss were inserted immediately
atter waking. Cre complained of photophebia during the day, but was
comfortable during the night watch. One subject was comfortable n

the cool outdoar mir, but experienced difficulty upon entering heated
buildings.

SPECTACLES:
Six subjects bad no sdverse comments.

Repeated inssrtion and removal of any contact lens caused irri-
tation to the wearers. This was less apparent with the Dallos and
Lacrilena, and more noticeable with the fluid and the Tuohy lens.
Contacilenses are not recommended for wear while sleeping as xhey
produce irritation and basing of vision. Speciacles apparently are
advantageous tc the guard except under certain conditions of adverse
weather such as rain, extreme cold, and snow.

14. Parachute jumping®

Weariug s parachute harness, the subjects jumped from
a tharty-four foot mock-up tower and experienced a frec fall of ap-
proximately twelve feet, after which their descent was broken with
considerable force as the risers took up the slack in their harness.
They were the:, guided to earth by grudual descent on a cable (23).

DALLOS LENS:

There were no adverse effects noted by five subjects.

There were no adverse effects noted by six subjects. No air
bubbles were produced by the jar.

LACRILENS:

No adverse effects were noted vy six subjects. One subject,
while removing the harness, was struck in the eye by a buckle, and

*This test was performed through the cooperation of the Gl staff
section of the l1th Airborne Nivas-on at Fort Campbell, Kentucky
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noticed afterward when removing the lens that itwas cracked. Thas
was undoubtedly tht result of the blow, and may have protected the
eye {rom serious damage.

+ JOHY LENMS.

No adverse cffects were noted by cight subjects. Noune of the
lenses were displaced from the cornea.

SPECTACLLS:

No adverse effects were noled by {ave subjects, although special
precautions had to be taken tu prevent dislodgment of the spectacle
framees.

No adverse effects were noted with any of the contsct lenses. No
one lens appeared to be superior in this test. Specizl precautions
ware reguired for spactacles.

IV. GENERAL DISCUSSION AND CONCLUSIGNS

A. Advnnulcl of Contact Lenses

Judging from the studies conductsd at this laboratory, the
performany:: of coptact lenses was for the most part satisiactory.
There ars, =i course, certain drawbacks and disadvantuges, just as
thetg Sre with apectacies. It aiso s apparent that there is wide vari-
ago:s i performance of the difiercnt types of contact lensas.

Contict lenses offer numerous advantages over spectacles
to the military. One of the 1oremost of thesc 18 thear performance in
inclement weather. Rain, snow, mud, etc. , whichmay interfere with
vision in thoss wearing spectacies, ceasc Lo be & problem when contact
lenses sre worn. In extreme cold, specta-le lenses often frost over,
and steam up whenpassingfrom cold to waerm atmospherc. In extreme
haat, spectacles become spotted with parspiration, but this does not
occur with coatact lcnses. Most head gear and sighting devices are
soconstructed that theyare not completely adaptable to the individual
needs of the spectacie weurer. The gas mask always has presented
a problem; speciallens inserts are requircd fur individuals requiring
visual correction. These prohilems are for the most part alleviated
if contactiaenscs are substituted. However, the gaamaskinits preaent
constiuctioncannot be comfortably tolerated for extended perionds by
mostindividuales wearing contactlenses The mask creates an upward
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presaure on the lower lids which 1a turn press upon the contact
lenses and created ocularirritation. Modification of the construction
of the gas mask might alleviate this problem.

The advantage of the contact lens in swimming 1s obvious
since spectaci:s <annot be worn.

In field requirements, where the individual may undsrgo ex-
treme physical activity, jolting, jarring, and exposure to varied ma-
terisl obstacles, spectacles are at a disadvantage because of their
vulnerable position. They a1 e cawily dislodged and broker:. Contact
lsnses not only temper these problems, they alvo offer further pro-
tectionto the eye. Theyalooreduce the mental concern that the specta-
cle wearer naturally exhibits in the face of physical obstacles.

In the presance of brightlight, there may be reflections from
the antsrior surface of spectacle lenses which may reveal hidden po-
sitions to the enemy. This dose not occur with contact lenses.

The protection that coniact lenses offer to the eye cannot be
overlooked. Notonlydotheyprotectagainst foreign bodies and direct
trauma, they alsa proffer varyingdegrece of protectionageinet harmiul
radiation. This variation is dependent partly upon the material used
in the fabrication of the contact louuaes,

Visual scuity in cartain pathological conditions of the cornes,
such as keratoconus, irregular astigmmatiom, etc., is much greater
witk contact lenzes than with spectacies since thay essentially form a
new cornezl sw face.

‘The "asual limitations that spectacle frames crests and the

aberrstions ealating inhigh power lenses are zliminated when contact
lenses arc employed.

Generally speaking, the advantages offered by contact lenses
to the military are most pronounced for the field soldier.

B. Diu.dv.nu.lel of Contact Lenses

The most cutstanding disadvantages of contact lenses at the
present time are the cost, the time, and the skill required {or fitting.
These limitations stem from the neceswity for individual processing
that “he curreant techniques vreguire. It isanticipated that, in view »f
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constant efforts of the manufacturers, techniquea will continue o
improve withtime. The time required for adaptation varies with the
individual and the lens being worn.

The peciyssity for accessory fluids associated with contact
lensws is another problem. Althocugh the newer types of fluidless
lenses have e¢liminated the problem oi contact lens fluid, a wetting
ageunt still is required with the plastic lena. Glass lenses do not
reguire the use of wetting agents. As plastic lonses are worn, they
become less difficult to wet. The solutions used of course should be
hept relatively stevile and both the lences and hands of the individual
wearsr must be clean at the time of insertion. This might preaent
a sarious problem in the field. Although some fitters recommend
saliva as a wetting agent, the potential dangers of infection hardly
warraat its use.

Becausas of the small size of contactlenses, they are casily
lust, or might conceivably be misplaced by the individual szeking to
avoid rgeponaibility. The plastic lens is relativsly unbreakabla, but
the glass lens niight easily be broken inhandling. There is relatively
little danger of breakage of the lenses while being worn, but if they
should be broken thore might well be serious damage tothe eye. The
effects of ocular irritants are intensified when contact lensss are
worn. Irritating gases, smoke, dust, and even light tend to produce
greater irritation than normal, especially if the lenses themselives
are at all uncomi{ortable.

While infections of the eye were rurcly encountared during
the experiment<c] trials reported here, contact lenscs preseunt a po-
teutinl suurve of acular infection

Duplication of the lenses presents a variabla problem that
depends upon the manufscturers technique.

Thase disadvantages are of varying importance depending
mainly upon the type of lens and the situation that ccnironts the in-
dividual. It may be said that contact lenses cannot be fitted to any
individucl whodoes not have motivation or « desire to wear the lenses.
I thie is ‘acking, the individual may in innumerable ways foil the
fitter, retard adaptation, and diapose of or mutilate the lenses. Thuna
it may be hypothesized that many personnel might object to being
fitted 1f as a result of adequate fitting they were to be transferred
from a relativaly protected job to battiefield duty
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C. Discussion of the Contact Lengens Tested

When the four contact lenses that were studied in this ex-
perimentare comuared, itbecomes quite evident that the performance
of two was far scoerior. Each lens has its own place and must be
considered for its :elative value. There are instances where onc
iens alone may be superior to the others, but in the overa.. analyesis
of the results of the present trials, the Dallos and Lacrilens proved
supsrior.

1. Fluid lens
The advantages of the fluid lens are:

Relative case of fitting.

Short period of adaptation.

Less susceptible to external irritants.
Good while swimming.

Preferable with corneal pathology.
Relataively unbreakable.

Protects against foreign bodies.

The dicadvantages of the fluid lens are:

The devslopment of progressive corneal clouding
and sdema produce:
Hasy or fogged subjective vision.
Chromatic halc about lights.
Drop in visual acuity, marked.
Photophobia.
Increased dark adaptation period.
Development of entuptic field changes.

g- Limited practical earing time,

Only limited protection against radiavion.
Requires coniaci iens {iuid as weiias a wetiing ageni.
Period of poor vision after removal,
Plastic becomes scratched after use.

~apgnos

It was felt that with the fluid lens the disadvantages
far outweighad the advantages, tius making them of limited practical
use,
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2. Corneal lens

Advantages of the Tuochy corneal lens are:

Relative ease of fitting and reduplication.
Relatively unbreakable.

Ra.¢ development of corneal clouding and edrma.
Only sclution necessary is wetting agent.
Extended wearing time when lenses cornfortably
tolerated.

Corneal prrtection from foreign bodies.

Disadvantages of the Tuohy cuorneal lans 2re:

YLOTEAAN T W Y T

Long period of adaptation required.
Jolits and jars tand to displace the lens.
Smail sise lons is easily loat, especially while
swimming.
Left and right lens easily confused.
Ocular irritants zesult in exaggerated discomfort.
Produccs frequent cornsal injury which results in:
a. Drop in visual acuity.
b. Extreme photophobia.
c. Poor fusion.
Limits wearing time and individual efficiency.
Only limited protection agaiust radiavion.
Plastic becomes scratched with uss.
Produces lid irritation.

Tu evaluate the Tuohy corneal lens presents a difficult
oroulem. Siucc the guality of the fit mnay be the cause of the frequent
corneal injury thit was observed, it was decided to ignore this and
Judge the inas on its overall performance. The mare fact that this

. lens ix 30 umall and easily dislodged aad lost makas 1t impracticsl for
general field use by the Armed Forces. The didadvantages seemed
to outweigh the advantages.

3. Lacrilens
Advantages of the Lacrilens are:
Snourt pertod of adaptation.

Good while swimmung.
Relatively unbreakabie.
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Rare development nf corncal clouding and ederna
On’y solutionu required is a wetting ngent.
Ditficult to dislcdge.

Exiended wearing period with comfort,
Photophobia is not marked and vision is good.
i’rotaction from {oreign bodies.

Diaadvantages of the Lacrilens are:

Long and difficult fitting period required.
Reduplicatior difficult.

Ocular irritanis result in discomfort.

Plastic becomes scratched with uve.

Only limited protection against harmful radiation.

The main di-ldv;';tag'e‘l’ of the Lacrilens involve the
fitting of the lens. It ie {elt that in time and with coatinued study,
these will be overcome. Thus this lens proved to be superior.

.Dﬂbl lens

Advantages of the Dallos lens are:

Shurt period of adaptalion.

Good while swamming.

Rare development of corneal clouding and edema.
No solution is required.

Difficult to dislodge.

Exutendsd wearing period with comfort.
Photophobia is not marked and vision is good.
wood protection against most harmful radiation.
Rewins polish of suriaces.

Easily reduplicated.

Protection from foreign bodies.

Disadvantages of the Dallos lens are:

Earily broken.

Extremely long and difficult fitting period.
Ocular irritants result in discornfort,
Mucus frequently plugs vent.

The maindisadviantages ot the Lallos iens are the fatting

time and the ease with which the lens 1s brokenduringhandling. With
these rxceptions, the lens must be considered superiour

sng
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The overall perforimance of the Dailos and Lacriiens was
comparable. The lacrilens, whiie its ficring period was prolonged
tock less time to fitl than the Dalios. Furtheru:ore, the Lacrilens,
being >lastic, if not xo eanlly broles. The Dallus leas on the other
hisnd, being rasde ol glass, vegquiras no wetting agsent, and it is more
eamly duplicaiad. While the wciual consiruction of the two lonses 19
quite diffexcent, 1t io felt that the priuciple of fitdny that allowo for
szration of the cornes and o conxtant flow of lacrimal fluid accounts
for thewr superiority. The Tuohy corneal iens slro permats oxygen-
ation of the cornea and tear flow but it has other quailtien that scéem
to make iis overall spplicaticon limited  As lonyg e these principiles
arc nbsorved, it is very likely that ixn the future a simpler tachnique
of fiiting may be dovised. The Dellos lens might asily be litted in
plastic ss 18 doue by Sarwar at Oxford, England (24). I & finely
fitted plowtic lane could be coated with salicon, many advantages might
be accrued, Vho relative frevdon from breakage of plastic would be
retained while scratching would be reduced. Tlic weiting wgent would
be ¢liminuted and « comewhat greater protection against harmiul
raye might Le poasible.

e = AN L PR Ea -
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Since such & process is not yet availabie, it is difficult
to claum superiorily Jor cither plastic or glass. In view of ali the
accurnulated wvidence, the type of tontact lens bent suited to general
militar-s application is & cumfoutably fitted, vented, corneal-sciersl
lens, which provides ior cornesl sasrationand for a continual tear flow,

S. Sguzmclcm

In he discusvion of speciacles and coaiac? lewsgs pre-
sented herein, cphasis is placed upon the problemy of the military
rathc: than those of the civilian., For example, breakaye of lenses
on the butilelield wuuld presant a riajor proble since the nearest
availoble repair or replacemient may be many miles awsy. The cow-
metic facior of contuct lonsews has not been discusocd because it is
not & point of major mititary concern. Consaguently in Lzuting the

advantags s and dimadvantuges of spectacles

. thc prablems of the fieid
soldier are of prirne importance.

The advaitoges of spectacles ace:

Relutive caez ri fitting and crduplicative.
Relative lov: cost.
Many trained {itters availabie.




Protection againstharmful radiaticn within the limits
f their extent 's ofiered.

Shoyt period of adaptation.

Do ot vary the eifect ol ccular irritants.

3% not cause photophobia.

Vo development of coraeal clouding or edema.

Dc wuut require nccessory solutions.

There is no limit upon wearing time.

Partial foreign body protection.

Disadvantages ¢/ spectacies ars:

V. SUMMARY

Imipractical whinle » wimsning.

Sarfuces may be scratched dux to exposed position.

Maybedisludged wher individual 1s juried or jolted.
Easily broken.

vipion mawy Le pour in rain, snow, naud, etc.

Tend to {ruul over in the cold and stecain up upom
uhtericg » warm simosshere.

Perspuration tends to epor the lenmes in extremes l
heat.

Mopt neadgear is not arede to uccomraodaie specta-
clae, therefcre thay cxuwe discomfost.

Many sighting devices do nol provide for efficient uwe

o{ swectacles.

Tend twcrexte o mental Llock while snguged on active

daly.

Danger of wcular injury when brokan.

Retlect light pusaibly veveuling poritisn,

Gas maske reqguire special insevin,

Anumber of vefractive conditivny are not adegualely

corvected by spectucies.

A comparative ttudy of four types of countact lenses and dpectacies

amdico

wus cond usted todeie Tmiine the relaiive merite of each xnd th: possidie
applivstion for these lensets in the Armed Forces. Ten selecied en-
listed men ware fitted by profes®ronal {itters with each of the four
lenges and tewie were conducted both 1n the laboratary and in the tield.

in tie studies carrizd out at ¢huo taboratory, the flmidicss, venti-
lated lens proved far guger:ior lu cather the flusd or corneaivypee Thre
plastic lens offers greater protection of ihe eye since 1t is not ad

‘hd.
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casily broken. The greatest dimadvantage to plastic stems from ite
wpoor wetting properties.

The cost of coutact lenses and the time required for fitting limat
their application in the Armed Forces. While they are in many ways
superior to spectucice, the limiiations do outweigh the advantages for
the average servicemam. In view of the muany advantages and disad-
vaatages of specticles, no blanket approval or disapproval of coatact
lenses may be made. In the many cases of clerical and routine duty
where neither spectacles nor contact lensee show to particular ad-
vantage, apeviacies must be considered superor. It is apparent that
contact lenses pruve to be superior in many phases of the atudy as
conducted Ly this loboraiory.

Vi. RECOMMENDATIONS

A. Study should be encouraged to improve the fitting technique
and theraeby simplifly it nnd reduce the time required.

B. A technique for hardening or coating plastic with silicon or
lize substance to eliminale the necessity for wetting agents would be
of sremendovs value and >tudies along these lines should be encouraged.

C. The number of individuals skilled in the technique of fittang
the newer types of coniactlenses is extremely limitad, and if the Army
accepts thewn, a limited number of lony term personnel should be
schooled (0 du the fittinga. Should the deinund increans, these trained
individuals could serve as » nucleus for the training of additional
fatters.

D. Contact lenses can be recommended for:

1. Personnelwhoarecxtremely valuable to the Armed Forces
becaise of their gkill, training, and experiene and whose visual acuity,
with the usual visual aide, 18 not adequate to mect the requirements
but may se with conilact lenses. Such eye conditions as high myopia,
high astigmatism, irreguiar astigmatism, corneal leukomata, kerato-
conus, aphakia, etc., ar fregquently adequately corrected with comact
lenses.

2. Another groug who might be reiained or rnade available
on the basi- of adcquate correction by contact lenses but are otherwise
loat to the services are those with injuries to the face and lids that
result in lagophthalmius, ectropian, rornea: cxposure, «tlc




cles.

3. Personnelrequiring visual correction whose ficld efficiensy

< might be enhanced greatly if contact lenses were substituted for specta-
- Due to the aforementioned lirnitations of contact lenses, thev
should be restricted to outstanding individuals or situations such au
Arctic luty, divers, "Frogmen', etc.
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16.9 PERSPECTIVE VIEW OF VISUAL ACUITY TEST APPARATUS

~
.




R 5N
b

WOL¥NINA
LA30EVL SNNIA RIA LNOYY

_,
|

SALVUVEdY 1831 ALINGY TWSIA 01914

%01L938 A2 WY
r —
_ .
T
i’ ¢
i !
VOLYMINTTY - frmer e wag
138072 : 3
N\, TH : 1
: t
i
LINVE: o “
Femmrn
ST T¥40-] ' . .
' Co 3
b s et o

ATIA 404

SR S

TR

AN \§ QU 2 R
s - e
| rmnanen: e




MMARS S SEMIE MAEIM Tacibb MmN - ? ALERsase s M Ao san o

SNILHOIT GRNOUUNS 40 LNINKUNSYIN

6 il 92 |11 ]
2 2Ll <69 09 | 052 2l
3691 Y3 OF | «0E¥ T
0'¥91 "0 6L |.0 )
G981 <0 6C |40 6
eE'1514 o0 144 0 ]
£506 ) <92 | «0 1
XA 0 0 2086 9
o0€02 0 0 Siv | B
S 28! 0 .0 528 | ¢
€19 .0 0 %22 | &
2.8 +0 0 2091 ]
ss2 20 0 %S )
2690 0 0 o0 3
Siu3BNYT w.%m.z ‘143A | ‘nuoH 1NIOd
10Cd | viiovs
343 MYINIONOW 3H1
40 NOILYLOY 40 ¥ILNID
WOH4 $334930 NI 3TNV
"3A3 NVINOONON 3HL 40 NOIliSOd 3HL

NI Q32v7d 19

=1300W d213W 30NV
-1004 NOLS3IM V H1IM QIEN5VYIN SV
‘D 83 OF1 » NOLLYNINNTTI ONNDMHENE

H'6id

Vi

yip 2V v

!

)




s oman 4 b Cas  swom B spum B . e Sem el St s & -~ coma =

133402 1v 031831 ALINTY TYNSIA 2i'od
SIiNNIN SYNGH NI INIL SOTW0

%ﬂlv«‘_++vTL@+_.T

SP

SUNOH G611

YY3IA smcwr_sj; 45Y7
-
A

OB OR

SILNNIN — SUNOH M 3MIi ] m.a._.ucoﬁ I <
I s S — :
z z
m _loz
» [GS
brd B
£ c
¥ [} -—
E 1mmu
.
m
SQ0iN3d ILONIM ¢ A

AVAONR3Y 344V

INIOd KROW®CZ O
9 ‘14 C0€ o= 'm0
‘D 'ld 002 0-=vceceas
‘D ‘14 001 o e

2130
NOILYNIANTITYE ONNOHANS
114 2! SSINLHOIME 130uVL SO0'd3d ASHNOH NIMIIM NDIVL SONKIV3IY NV3

e




SHILINIINIG Of 1¥ C1IS3I1 ALINDY TNtSA e ‘s

SHALINIINID O€ iV Q3LSIL ALNIV IMNSIA

M Y sl TS i b

JA08Y SV INVS AN3017
SANOH

P

IVASIA

ALINdv

JA08Y SV IHVS ONIDN
_ “SUOA T NI
TS YR T | M S

INIOd NOFNCI=O
‘0 44 3080--—0D 14 0Qj0--0

0 14,88 v aknowens

"1'1d 31 SSINANOING L30WVL SOUINAd ATWNOH NINLIA HINVL SONIGYVIY NV




SYUILINILNIO 08 1V J31831 ALINSY WASIA *i
SUNON M. ML

SUILIMIANID O9 LV

SUAON Ml L SN2 $07VWD
1 1 [ ] it O 8 ® 4 ] » £ 3 )
T T T | ¥ L 3 T L g T 3 Y T T Y

Q31831 ALIATY TWASIA

8a31 ga1va

M08V _SY_3RYS 0NZOT)

SUNOH NI

I T

el MR S

CHIEE T i Tl sl S

§

$310V1234S
r

ANiOd NOWNOD » O
.o.»._oonol..o 014001 o= -0
D44 003020 0140 o===o
NOLLYNIRNTYY CRNOKANS

$00IdIe  ATMNOW NiHAIM NIXNVI SONIQVIN NVIN

“T1d 00 SSINLHDINE L3IDyvVL




SNNOH NI 3L NI £07V0
L R - N W | Y ) VY Sy A Sl R

SYILIMIANDD 06 v Q31531 ALY TwWsia  § '8y

SH3ILININID 06 Lv 031s3L ALINDY  TWSIA  §i 914

S¥NOH N} M1 $837 scl1wvg
S s s S S M S ik Sl

3A08Y SY 3IwvS ON3931

>
T

| L N )
g ey [

~4Y

i
4]
Q‘ —C
0. -
0. .inm <
- 20_.—«2_33.3_ .q.m
.&-

iNiCd

mwwzhzm.tn 1298VL ~ SG0IN3d ANNON NIALIR NZNYL SONIOVIY NYIN




SHOCY 0709 ONY LOH 'SUILINIINDD 06 IV Q931331 ALINOY IvNSIA
SUNOM M 3miL SN eATwan

SNOOY Q702 ONV LOH ‘SHILIMILNID 05 LV Q3IS3L ALINDY TYNSIA
SUNOH NI 3IMIL SN37 S50TWO

9! "91d

=

Biamnamm s S e S e Sk sl T S Tl

SHNOH NI INIL SNITINIYT

P T o

gy PR

E_a,_ z%_iaw:u WO
nmoc 0D

$0CIN3Id A1WNOM NBLLIM NINVL SINIOVIN NV

J

A OHIEY

ALiNdY




B

4334 200 'CZ iV WIEMYKD
FNSSIND MOT NI SHILINLINID COS IV Q21s3IL ALINSY ‘43; Li ‘914

SNNOH NI IWNL SN31_ S0y

R e e e e e e

—...

R e il g

SENOH M u!.h 83012348

e St

ANIOd zo:..oum..

o
S.._.dz_!.-d 9: 0%INg

i,
™
2 loz
s
2
!
= Wm
"
3A08Y SY JAVS ON3I9IT ~ o
| . . ol SHNOKH NI 3NIL mﬂu.:cu.u.._
I#_IL.TL. ﬂ. T % I H&n ﬂrl WT ¥ m 4_ _ o
2
5
ComCamQs Oy ey s Ry (3
0
i 4
=
4
JACSY SY 3IAVS ANIDI r\.!__....

B e g

ONKIVIN
1
A3

1 Ad 31 SSIHLIHOING LIOYVL—~ SCOIMId AINNOH MHLM NDIVL BONIOVIN NVW3IM|

- 4

IYNSIA

Alindvy




1334 02 4Y 031831 ALINDY TYNSIA ‘SNIT OIM4 81 914

(=]
o~

o

ST R

1334 02 iV QFLS3L ALINOY TYNSIA 'SN3T Qi 81 94
SILONIN SHAOM NI JRIL
h -~ ' ”~
— et ) 3 ¥ Y 1
- m L HL e ot
| \\\Oo\\\o\ ok _
’ . <
P v
2
ﬁ.\,ra \\~ o
.u .. fu ] —
4 b <
/ \ 3
] : O
... >
3 ]
’ tas]
; - > |
[} . n
z :
o 3 =
[
/ -
; : F
i} - £
NO!LYISHI NIL4VY | : |
SUNOK 2/1 9 ! :
OVN3AY :
[
N0 NOIAQD ()
! N L4 OOR O
< o} 'S5 14 002 D----
D L3 GOl O )
DI 0 OO
E NOLITNIAN T GHNOBYUNS

SQOINId 3LNNINZ
IACH3Y Y314V

SLUIONVYY 14 3

SSIMLHINE 133WYL

SQOIdId ATUNOH NIHLIM_N3NVYL SONIQYIY NYIK

ALiNOVY

Bt




Sl

o

SHILIMIINDY O v 031831 ».inQv

. o m mﬂag.!.. .*z. UW.\... m

WASIA

A JOTa

'SN3T

L __3
1 i

¢l

ML TYAOMZN  ADYHIAY ——>

N\

e

y o

Q?O

s g

TWASIA SHTY Qg S 9

i

-r
) I.!(‘A-l.-d;.lﬂ:-

LN0d xo:m_wm
“m ..m 20! =
31 oF &==8
NOILYNIRATY ONNORINS
N '13 2 mmuhmxo.e. 13%MVL SO0IN3d ATENOK NIHLIA NIXVL SONOVIM MNYIN

TYRBIA

Y
ho  oda

LHE L]

L RIN0Y

THTY
i
oG
e

g

=




SUILINLINID 0% LY

SHILINILRID

NOLLYNIANTT ONNCUYNS

L3 13 00t SSANLHOINE 139MYL

QA N Usae)

Of IV Q3i83L LLund¥ WA

034834 ALiNOY TYNSIA  TENZT GiYd

‘SMIT M

0z 24

(ST ]

Y

AGWIY 5% mmmr?'f

17

3001

FLIT) LU

WWiday Ovs

TRONY

Teid




o —————— s -

IV TI3NI3Y JIGA

SMILIMINDD O€ A¥Y G3L33L ALINDY TWNSIA 'SHN3IT Gud 12 913
Sa s M At !

FJWVIS TIHWIZT TIOE
GW2ININID 05 AV 03i331 ALINDY TWNSIA SNITY O& 12 iy
S¥NcK NI uxw:.

¥ i 0 N .ﬁ,«..in..w 2 nj w [3 m i 3
\hw\\nvlll
A me.
o 2
M AN JOVEIAY—s] A m .
o Pag " | 8%
- JQ\ z |
e z M
S 2 ._W &mf
| 3 =
.. TJ L OO
B 2 2wy
} . i ¥ jQ2
%-. m.lu g
3 m
#n &

3
M NIRRT GNNOMINS
44 0 SSANINIEE LIOUVL  SCCIMId ATHNOH NiFAtM NIXVL SONWIVIN wvim

L
N )4

TNGIA

ALINOV




WOON 0ICD GNV NOOW IOH NI
SYILMNINID O LV T31831 ALNOY IVNSIA 'SN3T Gy 22 914

QUNANM NI et

NOOHW 00D ONV ROGE LOW NI

SNILIMIINID 06 LV Q3iS31 ALINOV TWNSIA ‘SN3! QN4 22 914

SHOOH Ni 3ml

1) gl 1 } -] ]
T T T b« I I w m w _m .mm T
wiw D)
~
%&
-
e m |
" - _m
AL 2 )
~ m WM Wm
] _,,1 [ 5]
ﬁ !
] ]
Q0 aWGl e W
008 LGH 2
INIOd  ROMAG _ -
_ wu —— e £
) m Y O !
Q"'IO ”
zoﬁiz_lb._.__ NCUENS
Y i3 5 SEINLHDINE LIONVI-~ SU0INId 550... NIHLIM NINVL SONGY3IH NYIN

#®

AllNJY

®

L P R ok
TINGIA

2




12 FT. L.
JILLUMINATION

e——3108 Ff &

T MEAN READINGS TAKEN WITH

N MOURLY PERIODS~TARGET BRIGNTNESS

SURRJUND

g:-:::éggg 2 8.:,0,”

IN KOURS

VISUAL ACUITY TESTED AT 50

INIL NOILMIENI

4

4.

i

S S

A LINDY

%.

TYNg. A

TIME

CENTIMETERS

N LOW PRESSURE CHAMSER AT 20,000 FEET

Fit 25 FLUID LENS,




-

SALANIM

—o20L 20 e 0
LIS

4334 03 1v ALINOVY TWNSIA SNIT AHONL ¥2 914

SYNOH M N

— b 8

" v 4nows
INIL TWONGN 20VaAY ]

SUNOH » ¢ @ JNOKY O

SUROH > ¢ SN0 ©

,SLNOKB =0 "3 '1400¢ L

‘NI L BENOH 3= ¥ ‘9 '14002 [ V.S

KOLLUISNI HILIY .2 44001 ——

INIL 3I0VHIAV KOLLVNIANTY GNNOWENS
SQOW3Id ILNNIN D SIUIBAVI L4 3 SSINLHMJE 130WVL
IVAONIN HILsV SI0IN3d ATNOH NIHLISA N3INVL SONMIVIM KVIm

1334 COCO02 1Y WIINYN? JWSS3dd RO M

SMILIMULNID Of Iv Q3iB3L ALNIY TMNSIA ‘SN?T N4 s394

104

& ALIGOY WVGRSIA




SUILIMIAMNII 08 LY Q31831 ALINIY IWRSIA 'SNIT AHONL  §2 913

SNNOH NI 3WNIL

‘913 8 OO
NOLLYNIRNTT  ONNONUNS
1 ‘14 3 SSININOINE LI0UVL  S00W3d ATUNOH MIHLIM NDNVL BOMOVIN NVIN

R s s e B i

=TT kR

1334 03 AV ALINJY TYASIA SNIT AKONL ¥e

SILNIN . i _SUNOW W1 L

AW as W & .

914

ALINN IWISIA




P e e e mmEmts i T OB e T ST T A

SHNILINAILNID 08 U¥ Q31831 ALY TWBIA ‘SNIT ANONL 93 24
SHNOM WM

i e

t4 LJ

../\ \ - 3
o
. -w\.‘-s /Juva N Im*
\ B
a9 YOm0 |
3
sunans 3 X m_._um ¥ dnows <%
3 11 49 m INIL WAOW3IN FOTYIAY—>
3419
514 0
NOLLYNISATI
1 14 ) SSININOINE LIDWUVL  S00WIJ ATHOOH ML HINVL SON NV

SNALINIINDD OF IV 02iS3L ALNOY IMNSIA ‘SNIT ANGNL 3 'Oi3F

AAE WA Gverec Woer  ma




¥

SUILINILNGD 08 LV 03ISFL ALNOY TWASIA 'SN3T AKONL 42 914
m g

ST T Y M Sl ol Sl S

ALINJOY  TYNSIA

1=8C00iM3d ATMNOH NINLIA RINYL SBENMIVIN

.

oo SUBLININGD O AV GQRLSEL ALICON TWRSIA ‘BNEY AONL 3 'Oy

o s .

P B Pie



TWIT TN Tion,
33 u\.. ‘égggg 8..Q—h

]

iz
@ ALINIY  VASIA

'V 1 N SGINAMIIND LIOL/1 $00183d AWNON LM ADVL SHNIVEE NYIN

SPILINNLNID O8 LV G3LE3L ALINW WASA NIV ANCAL 12914

> Bl BT

- R LN ST A A M AT

mnm g8 8y, .M.... m n m, tag .‘-.f .. e .4,,1. cee e L S .. i B ) .

R S




1334 000 °03 iV 4IONVHI uii 2 N
SUILANILNGD 08 LV G3i831 ALY WNSIA ANONL 82 24

R BT B i
1%
184
mlmmm
BT

g T 8 9 an

R T

= :
148 SamINeg . L2wV] NI SOUNNIY W3R MW -l

|

VIS TSN 115G,
ggciéﬁﬂ%%iﬂ;!ﬂt&ﬁ 82 ‘84



SEINLIMBIUT L3IBWVL Ol VNVE3I0L 08 914

j _ SUNOH NI uﬁ% w L%

TN
EiRkis Thalle
s s s e s et

SLUISNYT 1004 NI $SINLHOWR L3ID4VL

PSR-« 9 'Ld 0 > NOLVNINATT ONAONUNS
el soTIe Ommm—  SOCHDJ AWNON MIMLIM NDNL SOMOYIN NYIR

AXBd 000 ‘03 iv UDBAWHI a0 )
SYBLIMMING) OF 1V TDLSBL ALATY ..«“.uuﬂ._ AwOnL €3 °914

s . e

i —




1000 NOMR02 O n‘ﬂn‘%ﬁﬁ
] HW &=
WE LS 00INEd ARINON NBLIA NINYL SOwOVIM NVIN

&

{

SEINLHGNE 1I0UVL OL 20AVH3T0L  OF ‘914

e S R

ONNOHANS

SIWNYD 10035 Ni NOLLYNIWDTII




SNOCH 0100 ONY 10N 'SSINLNOINE 13%¥VL OL 3IONV¥3IT0L  2€ 913

mﬂ..ozﬂ L N
T TR o il W S 0
5
-foor
v =
: S
: »
[~
X
. -4
. “
: i haad
"3 N
_ -
Q
Q
-y
#
oo g
0 o Qe O ey
m ge adhﬂub %
o 0103 -
NODN AON O
SHNOH (O NO® O o
NN PIV NOND B .-
gN3T AMCAL B
SIVVAIMNE Oose =0 oo
s )
SNT O=weec0 9 ‘44 O VMY ONNOWINS
$37 SOV OO $001i3d ATN0H MKLIA KINVL STV HYIRE

g.g gs 0L JNvIL 1€ 4

E YL o) Kr.‘.-



ROOW 00 ONV ROCH L1OW NI MOLLVNINNTN ONAOGNS 0L IONMEIN0L 85 014

YR I T B B Bkl St et S
o O—@—O—0O—O—0O—O0—0 m

| _2A00Y S JNYS CN382Y
" X SUNOM M INIL N MMFNJEQGJ ' 5 W
+I 1 Inﬂ % T.+l||mﬂ .T 1 T .TJ = W
3
¢ O—O—O—O—O0—0—0—0 m

___SACRY S¥ JNys _onied
. SHAOH W) 381 $319v1034¢S =
PP TR I W il SR WSS S i SR Sy
S
Joos 2
LNiOd % L .Il.olllo -5t

Y 14 8 ng“m . £ SOOI AWNOH HNXllM NINVL SINIOTIN NTIR

SROON G102 OGNV 10N ‘SE3NLMDKE L30WVL 0L 30WVNI0L 2R 9N

o h m s ames e S emmmad

e v 4 ettt et TR SN i




HOT ROON AND COLD ROOM

- ‘ e e e
FiG. 33 TOLERANCE TO SURROUND ILLUMINATION iIN

e

é

%
|

L

ot—-2..-

S

SLNISAVT 1004 'SSININOING L2D¥VL

TOLERAINCE TO TARGET BRIGHTNESS, LOW PRESSURE CHAMBER, 10,000 FT.

Fik. 34




4332 000°03 4v
NIINYHD 3UNE33dd MOT NI NOLYNITIN TNOOWUNS 01 3OMVIIN0L S8 '8id

NPT TR I W ok ol Sl WY S T SRS T

]

T

SINCHVD 1004 NI NOUVKIRNTY  CNNONMNS

L1104 KOMMGD v .
SHNCH » ¢ 8 JNOED m......o Qea s 8Os e s s aOesD
SUNOH #) ¥ 0N oecocerd
SN AHONI
SWIOIE O—= ~—O
s8I NN O——0 oo

T LA N SSIMINONE LI0MV) 83030 ANNOH NINLUIA NIWVL SENKIVIN i

‘12 000 02 ‘UG FUnISId A0 ‘SEBNAMBING LIGNYL OL VINEIWOL S Wi

N




NOILYNINNTTI  ONMONNNS OL 3ONVYIT0L 'SN3T aIN1s 9¢ 914
SHNOH NI 3L

i
ﬁ L K o
;
| —os
| g
| z
7 -0 ©
c
z
(o]
— -4 06! -
| 3 c
) C
o] £
=, z
)
» z
W -10583 _
Z
i
8
| 1006 %
| o
| /u W
| %R
. ”m
W ®
LN!IOd NCRNOD
*3 14 00} O~ B hadd
'Y 'ld8 O~ =0
"V 441 Al
SEINLHOWS LIDNY SO0IN3d ANNOH NIHLIA HIMVL SOMNKIVIE NY3NW

. ) 1334 00008 1v

LN IV R

U Y SN RO N - T



-

S Vs o

SAOON 100 WY 1CH
‘WOLLVHIRATR  ONACNMNS 0L ONVNII0L ‘SwiY AIMd 2§ 'S18 §

- .__&*.ﬂgﬁﬁJJ.W««__ :

i
Q
Q

3

t
b
|
: S -
S$2GNVYI 1004 NI NOI?‘NM"‘N# ONNONNNE

$

®OO¥ ION O
"7 43 3 SSINUNGNE LI0¥VL ghgglghcgi

.
/ NOON 0709 ¢

9< 94

NOILLYNIRN YY) CNNOWNNS 01 3ONVNI0L ShIT M3




NOLLYNUNNTH ONNOUUNS OL 3INVWIIOL 'SNIT ANONL  B€ ‘914

R e i ke

—0 _
;
i
(7 4 1 .
g 4
o
o
m
=
[
E
1
0023
)
x
z
’
8
oos
5
=
]
0 a
v<a 3 __
SEA0H ¥ ) ¥ 40U ¥ . :
IR - — I hadd :
U Ad | Oemnmp | 1
<0014 KINOH NHLIA NIXNVL SONIVEMN MV3IR n

' « . SKO0N G023 aGmvy L0H
ROILTNINOTY |§ Ohgg.m‘.ﬂds.— :n.a...



SHOON 070D © 10H 'NOLLYNINATE ONNONNNS OL ONVM3TOL 'SN3T ANONL 667914

SUNOH N 3L

4] £ 2! " 1] 8 ] 4 ? ] | £ g i 0
1 T T T | | T T T f T T
|
W
| =
2
JS.M
= 3
D
=
£
= z
L >
oo
o
2
- -
=
) g
00§
Y
-~ - - m
nOOY G0 v
ole] B:Q ov g
2 JIn0N® Commran)
A 4 nao&o 1!..“
‘T 44 SSHLKY ALF6WVIL SA0iMAd KXIENOK NIHLIM J3VL SONGYIN Nvas

ey

-
s SRR A (3

)
Fap o

a3

e

el oviiie g binte A2

i g




SITOVLIIEE © SISMIT LOVINOD HLIA MOUVIEVOV XYVC ¥4 JIMNDIE INIL  OF 9id
SUNOH A Nl

VIR S What welut Wi 2. SRS

i
b4

1
o

3W0430 ~ INIOVIN  3NNLIIE
b 2

J L
& %
SAUNAKIN NI INIL  HOILVLVGY NEW

I\
&

i
-1

SIDWANOD 30 NOLLNESH!

$GOINZd  AWNOH  MiHLh NIXYL SONIGVIY WNVIR

SMOOU G100 ¥ LON ‘NOLLVMINATE GRNOSENS O1 3oNVEIWL ‘SNIT ANONL &3 °8i3

.— o o o A




1334 02 iv C2A$3IL VINOHd b 915
004 XOOOWW ¥ MiA Q31831 ViNOid TYOLLW3A

+ T

JA0BY 5¥ WS ONIDIT
NEidd ANYION ¥ HiIWR 032.i821 WVHOKHd MWiROZieM

gy ¢ FEIF 4 . ¢ o2

VIOHGIO B

. &l® (D
VINOKSOS S

SUILI0I0 RBiNd Ni SANININNEYIN




VX34 58 Iy G3lI3L HeSMd v 889
Bcgnq:pigﬁp_.&ﬂtﬂw&r

3
1
o
(] €  §) T o [ w m » &v 3 i e . 4
RN L | L L | 1 3 | g8 | I n - E
# | &
it
h ]
lLﬂ... wu
{ m -
r.*11wv 3
ab i
= a2 &
ri 3z
_ b
3AONY SV INVS Gu203° . - 3
RSiad APVIGE 7 ALS GRFEL TIs0Nd  TWANGZINOS nm
3~

30 p Py '




FHOOSOTMIONY MY MUk C3i83L NOISIA ¥O0D  $ 'Oid
TVRNON
Nl

.q.m_nm_m..m.ﬂ.Lu,ruw.w*T“j“

Y

Ga¥ Naduo

SANININNCVIN  340OR0IVINONY

fﬁé

SNITHEIVY QO=ecve=)
EMI1 SOTIVA O———O  £00NN3¢ ATNNON MNLE QWYL SONIIYIY el

1332 0CO'02 “NIGMWS INSSing Al U375 O3 W CRiS:l Maded Py B4
B NN 5 ol 23DVt s a—

-

o . - e o ST | SR RS STt gt o -
; R 5 AR ETE. = = 5 R Y ..nw‘riv L T T Tt s T -
AT w Ve Ty TR R s ML T = R -
. T —



Reproduced by

oo Y 4

@u&ufﬂﬁnﬁﬁﬁ

Sty

P

e
Rty
v v
et
TEERG: TR
W St
Sy
s
. A

o

LR

&5
P
&3
3
-4
<
o
xe
L4
o3
ey
b2
£
ol
ey
o
[
Jance
o2
b
¥

.-

e S
EBLR AT VL IR O TR TR R

¢
i

_ From
ilable Copy

Reproduced
Best Ava




